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ABSTRACT
The first objective of this investigation was to determ ine if 
e ither X -irrad ia tion or thermal stress exerted d iffe ren tia l effects 
on the two major cell types of the blastocyst stage murine embryo. 
Results of this study indicate that X-irradiation dosages of 0 rads, 
500 rads, 600 rads, 700 rads, 800 rads, 900 rads or 1000 rads had 
no effect on the ability of treated embryos to e ither hatch or 
develop into trophoblastic outgrowths (P > .05). In contrast, X- 
irradiation treatment over the levels tested did have a detrimenta l 
effect on the ability of embryos to develop into trophoblastic 
outgrowths possessing an ICM region (P < .05). X-irradiation over 
the levels tested had no effect on the mean two-dimensional 
outgrowth surface areas (M-m2) (P > .05). However, X-irradiation was 
found to have a detrimental effect on both the mean ICM surface area 
(p m 2) (P < .01) and the mean ICM area / outgrowth area ratio (P <
.01). It was also found that subjecting blastocysts to a thermal 
insult of 43° C for an interval of 0 min, 30 min, 45 min, 60 min or 
75 min had detrimental effects on hatching rates (P < .001).
However, thermal stress had no effect on either percentage of 
embryos forming outgrowths or percent of outgrowths with ICMs (P 
> .05). Additionally, it was found thermal stress over the levels 
tested had no adverse influence on the mean two-dimensional 
outgrowth surface areas (pm2) (P > .05). In contrast, thermal stress 
was found to have detrimental effects on both the mean ICM surface 
area (j jm 2) and the mean ICM area / outgrowth area ratio (P < .05). 
The second objective of this investigation was to determ ine the
x i i
feasibility of producing nonchimeric offspring as a result of 
m icrosurgical injection of murine ICMs into the blastocoele of 
mouse embryos which had been previously subjected to either 
thermal stress or X-irradiation. Pretreatment of ICM recip ient 
b lastocysts with an X-irradiation dose resulted in the birth of only 
chimeric offspring. However, of these offspring, all exhib ited 80- 
100% overt chimerism towards the donor ICM strain. Pretreatment 
of recipient embryos with a thermal insult resulted in no births.
INTRODUCTION
The currently available methods for the construction of 
in trachimeric mouse blastocysts (which can result in the birth 
of non-ch im eric offspring) via the d irect m icrosurgical 
injection of a genetically d istinct donor inner cell mass into 
the blastocoele of a recipient embryo are in need of 
simplification. The methods which were developed and 
perfected by Gardner and Johnson (1972), Papaioannou (1981, 
1982) and Loskutoff and Kraemer (1991) can be utilized by a 
com petent m icrom anipu la tion is t with a limited degree of 
success. Unfortunately, these highly technical procedures are 
quite difficult to master, require a great deal of patience, 
training and expertise before they can be routinely utilized, 
and therefore the results are highly variable.
The major problem with the technique developed by 
Gardner and Johnson (1972) is that it requires the injection of 
a donor ICM into a genetically distinct murine trophoblastic 
vesicle that typically has a d iameter of approximatley 50 pm, 
which is only half the diameter of a normal mouse blastocyst. 
Five m icrotools are required in order to successfully utilize 
this approach. Usually, it is exceedingly d ifficu lt to transfer a 
donor ICM into such small vesicles.
i
2The main difficulty with the method devised by 
Papaioannou (1981, 1982) is that it too can require the 
simultaneous use of up to five microtools as well. However, it 
is still a somewhat "easier" technique than the one developed 
by Gardner and Johnson (1972) in that it involves the use of 
expanded d 3,5 murine blastocysts as ICM recipients. This is 
due to the fact that the recipient embryos which are utilized 
during this procedure typically have an approximate d iameter 
of 100 pm, roughly twice that of the trophoblastic vesicles.
The procedures developed by Loskutoff and Kraemer 
(1991) is also considered to be technically easier than the 
method of Gardner and Johnson (1972), This is attributable to 
the fact that this method involves the use of "giant" 
trophoblastic  vesicles (which have approxim ate d iam eters of 
200-300 pm) as ICM recipients. However, five microtools are 
still required for the successful placement of the donor inner 
cell mass into the host vesicles.
It would be technically easier if a method could be 
devised which required: (a) the use of intact d 3.5 murine 
blastocysts which have had the developmental capacity of only 
the trophectoderm cells compromised and, (b) the use of only 
two microtools. Such was the goal of this research reported in 
this document.
3The first section of this communication is a review of 
the pertinent literature. The information given in Chapter II 
deta ils the d iffe rentia l effects of X-irradiation on the two 
major celt types of the blastocyst stage murine embryo. 
Chapter III presents information which shows that thermal 
stress also exerts a differential effect on the two major cell 
types as well. Chapter IV reports the results of efforts to 
produce non-ch imeric  murine offspring from chim eric  embryos 
which had undergone either selected X-irradiation or thermal 
stress treatments (which were utilized in an effort to select 
against only the ICM cells of the host embryo) prior to the 
microsurgical injection of a single donor ICM into the 
blastocoelic cavity of a genetically distinct host embryo. 
Lastly, the final chapter summarizes the overall results and 




NORMAL MURINE EMBRYONIC DEVELOPMENT
Elastomers differentiation
There is evidence available at the present time which supports 
the hypothesis which states that up until the 8-cell stage all 
b lastomeres are capable of d ifferentiating in e ither a trophoblastic 
or embryonic direction. Differentiation into inner cell mass (ICM) 
tissue is not inherent but is dependant upon spatial position in the 
developing morula. The peripheral cells of the developing morula are 
presumed to give rise to the outer cell layer of the of the 
blastocyst, the trophectoderm (TE), whereas the inner, centrally 
located cells are believed to form the ICM of the blastocyst (Mintz, 
1965; Tarkowski and Wroblewski, 1967; Hillman et a l ., 1972; Wilson 
et al., 1972). These two populations of cells, which are found in the 
d 3.5 mouse embryo (plug = d 0), are morphologically and 
physio logica lly  distinct. Once the blastomeres have d iffe rentia ted 
into either TE or ICM cells they are thereafter irrevocably 
committed to these restricted cell lines (Gardner, 1975a; Gardner, 
1975b; Rossant, 1975a; Rossant, 1975b).
B la s tu la t io n
The first major morphological d iffe ren tia tion in the 
developing mouse embryo is that of blastulation (Snow, 1973a). In 
the 32 to 64 cell stage the morula (in the uterus) acquires an
k
5eccentrica lly  placed, flu id-filled cavity called the blastocoele. The 
blastocoele will continue to enlarge but the total protoplasm does 
not increase. In normal murine embryonic development the 
blastocoele begins to appear during the fifth cleavage (Rugh, 1963). 
Normally, the ability of the cleavage cells to secrete the 
blastocoelic fluid is not displayed before this stage of development 
is reached. A specific number of cleavages are required before the 
cells attain the ability to accomplish this physio log ica l activity. 
Production of b lastocoelic fluid is a cytop lasm ic activ ity; if the 
cleavage cells are unable to closely adhere to each other, 
blastocoelic fluid cannot be discharged from these cells and will 
instead accumulate in large amounts in the cytoplasm (Tarkowski 
and Wroblewska, 1967).
Structure and properties of the murine blastocyst
At 3.5 d post coitum (p.c.) the mouse embryo is a hollow, fluid- 
filled spherical blastocyst that is usually about 100 pm in diameter. 
At this stage of its development the blastocyst is typically 
composed of approximately 60 cells. Three-quarters of these cells 
form the surface of the blastocyst, the TE. The other 15 or so cells 
comprise the ICM (Gardner, 1975a; Gardner, 1975b).
The TE of the mouse blastocyst consists of two regions; the 
mural TE surrounding the blastocoelic cavity and the more restricted 
polar TE which overlies the ICM (Gardner et al.,1973). Proliferation 
of these polar TE cells in the preimplantation blastocyst is 
dependant upon the presence of ICM cells (Snell and Stevens, 1966; 
Gardner, 1971). Those cells are thought to induce a high rate of
6proliferation in the polar TE cells. Due to this increased mitotic 
activity, there is a resulting cell shift from polar to mural TE 
regions during pre implantation blastocyst developm ent (Copp, 
1978a).
The flattened, polygonal TE cells found on the periphery of the 
entire embryo are held together by tight junctions (Enders and 
Schlafke, 1965; Gardner, 1975a). The ICM cells are completely 
enclosed by the TE shell and are attached to the inner surface of the 
TE as a discrete disc (Rugh, 1968). Electron micrograph work by 
Kirby et al. (1967) and Kirby (1971) has shown the junction between 
the ICM and the TE shell is loose due to the presence of an 
extracellular deposit that is found on the inside of the TE. This 
deposit is always found between the ICM and the TE shell. Small 
segments of this material are found in other places on the TE 
suggesting that these regions were previously occupied by 
underlying ICM cells.
At the d 3.5 stage of development the blastocyst lies free in 
the uterine lumen and is separated from maternal tissues by a 
mucopolysaccharide coat, the zona pellucida (ZP) (Gardner, 1975a). 
The ZP has an outer region which is indented by irregularly shaped 
clefts and cavities and an inner region which is more compact. 
Throughout most of the cleavage and blastocyst stages, the ZP is 
only loosely associated with the TE cells (Enders and Schlafke,
1 965).
7Hatch ing
It is generally assumed that the hatched mouse blastocyst has 
a short free-living existence in the uterus before it implants. In a 
laboratory setting this is often the case but this is most unlikely to 
be true in the natural environment. The female mouse living in a 
wild colony would probably be mated during each postpartum estrus. 
Since the ensuing lactation would induce delayed implantation, the 
free-liv ing existence of the blastocyst would be greatly extended. 
Thus delayed implantation would typically be the norm whereas 
immediate implantation would tend to be unusual (Kirby, 1971).
Only the fully expanded blastocyst can hatch. Hatching takes 
place on d 4.0 of embryonic development. Hatching is brought about 
by a trypsin-like enzyme (strypsin) synthesized by cells in the mural 
trophoblatst (Hogan et al., 1986a). This enzyme digests a pathway 
through the zona pellucida, thus permitting passage of TE cell 
processes. Uterine secretions from the female mouse also contain a 
proteolytic enzyme that can dissolve the zona pellucida (Johnson and 
Everitt, 1984).
Im p la n ta t io n
Concurrent with the process of hatching, the walls of the 
uterus become tightly aposed so that the lumen becomes closed. 
Changes in the uterine epithelium produce a surface that is 
conducive to blastocyst implantation (Kirby et al., 1967).
Apparently, there are no preformed uterine crypts into which 
hatched blastocysts collect; rather each embryo is thought to induce 
the formation of its own individual crypt during the process of
8implanting (Hogan et al., 1986a). The spacing of embryos along the 
length of the uterus is due to the peristaltic movements of the 
uterine musculature (Kirby et al., 1967; Hogan et al., 1986a).
During the process of implantation the embryo will first 
invade the uterine epithelium and its underlying basal lamina. 
Afterwards it will penetrate the uterine stroma.
There is evidence for some local death of the uterine epithelial 
cells at the site of implantation. These dead cells are actively 
phagocytized by the newly formed primary and secondary 
trophoblastic giant cells of the implanting embryo. The giant cells 
also tend to be packed with maternal red cells as well (Owers, 1971; 
B il l ing ton , 1971).
All primary and secondary giant cells are morphologically 
indistinguishable and are characterized by a high content of DNA 
which appears to accumulate by endoreplication of the entire 
genome rather than by cell fusion (Sherman et al., 1972).
The transformation of the diploid TE cells into the polyploid 
trophoblast cells occurs just prior to and immediately after embryo 
implantation activities begin. The transformation of the mural TE 
cells into the so-called primary giant cells begins at the 
abembryonic pole of the blastocyst at about midnight on d 4 and will 
reach the edge of the ICM by midday on d 5 but does not extend 
beyond this point to prevent involvement of the TE cells overlying 
the ICM of the now implanted embryo (Dickson, 1966). Barlow and 
Sherman (1972) suggest that formation of the blastocoele is what 
provides the stimulus for polyploidization of the mural trophoblast.
9Unfortunately, this hypothesis does not explain the formation 
of the more numerous, morphologically indistinguishable secondary 
trophoblastic giant cells. Their appearance occurs only after 
implantation has occurred. It is thought that polar TE cells in direct 
contact with the ICM are prevented from transform ing into 
secondary giant trophoblast cells and thus give rise to the 
ectoplacental cone by continued mitotic activity. The progeny of the 
cells that are pushed peripherally are not inhibited and can thus 
undergo progressive transformation to form the secondary giant 
cells that eventually surround the entire conceptus. It is worth 
noting that there is no cellular contribution from the ICM cells to 
e ither the ectoplacental cone or extra-embryonic ectoderm tissues 
which develop from the polar TE region (Gardner et al., 1973).
After implantation, non-transform ed polar TE cells  will also 
invaginate into the blastocoelic cavity and will in this way 
contribute to the formation of the embryonic egg cylinder (Copp, 
1978b). The egg cylinder will ultimately develop into the embryo, 
amnion, yolk sac and allantois (Snell and Stevens, 1966).
POST-BLASTOCYST DEVELOPMENT IN VITRO
Two-cell mouse embryos can be cultured to the blastocyst 
stage in any of a number of relatively simple, chemically defined 
culture media whose formulations include salts, glucose, pyruvate, 
lactate and bovine serum albumin (Rizzino and Sherman, 1979). It is 
generally agreed that the rote of the sodium chloride is primarily for 
osmotic balance of the medium. The osmolarity of commonly used
10
media is in the range from 240-300 m illiosmoles (mOsm). Studies 
suggest that hypoosmotic medium may be more effective when 
culturing very early-stage embryos. However, using a variety of 
media with different osmolarit ies suggests that the e ffect of 
osmolarity on murine embryo developm ent is limited.
Pyruvate and lactate are the preferred energy sources for early 
preimplantation mouse embryos. Glucose becomes the more 
important energy source as in  v itro m orpholog ica l deve lopm ent 
proceeds towards events such as hatching, attachment, trophoblast 
migration and development of the ICM into the egg cylinder (Wright, 
1986).
It is also worth noting that these same pre implantation mouse 
embryos develop to the early blastocyst stage in the absence of an 
exogenous fixed nitrogen source (Cholewa and Whitten, 1970). The 
26% decrease in protein content of the mouse embryo that is 
observed during the first three days of embryonic development 
suggests that the embryo uses endogenous fixed nitrogen reserves 
during this period (Brinster, 1971).
Only a portion of the murine blastocysts which are being 
cultured in these simple, chemically defined media will hatch from 
the ZP. However, further development will not occur unless these 
embryos are transferred to what is known as complex, media such as 
Eagle’s Minimum Essential Medium (MEM) (Pienkowski et al., 1974). 
Kasai’s medium (Kasai, et al., 1978), or Eagle's Basal Medium (BME) 
(Spindle and Pedersen, 1973).
In such permissive media, the outer trophectoderm  cells will 
d ifferentia te into trophoblast, attach to the culture dish surface,
11
spread out (migrate) along the substratum and acquire several of the 
properties shared by "mature" trophoblast cells in u te ro . The ICM 
will also routinely di fferentiate and develop when cul tured in such 
media. The resultant structures are often morphologically simi lar 
to the egg cylinder reached by embryos in utero on the 7th d of 
pregnancy (Rizzino and Sherman, 1979). The cylinder will be 
composed of a cone of cells protruding into the culture medium. The 
distal portion of the cone which abutts the giant cells, will be 
composed of cells of the polar trophectoderm (Juurlink and Fedoroff, 
1 977).
Hatching, attaching and outgrowth of mouse blastocysts in  
vitro are dependant upon the presence of specific free ammo acids in 
the medium. Omission of histidine, methionine, threonine, 
tryptophan, tyrosine, or valine from BME has been shown to 
significantly reduce the incidence of hatching (Spindle and Pedersen,
1973). It has also been shown that hatched blastocysts fail to 
attach when cystine, lysine, arginine and leucine are omitted from 
the culture medium. Such blastocysts can remain viable for up to 
seven days in this free-floating condition. These embryos will 
proceed with both attachment and trophoblastic outgrowth 
formation if adequate concentrat ions of these essential amino acids 
are added to the culture medium (Gwatkin, 1966; Spindle and 
Pedersen, 1973).
When all essential amino acids are present at optimal 
concentrat ions, nearly 100% hatching will occur when embryos are 
cultured in BME. Likewise, extensive trophoblastic outgrowth 
formation and ICM development will occur at optimal amino acid
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concentrations, but only in the presence of serum (Spindle and 
Pedersen, 1973; Rizzino and Sherman, 1979). Under such ideal 
condit ions, the presence of a rat tail col lagen substrate is not 
necessary for growth and differentiation of the ICM into endoderm 
and ectoderm in v i t r o . These requirements indicate that during 
post-b lastocyst deve lopment in vitro the mouse embryo gradually 
becomes dependant upon specif ic exogenous fixed nitrogen sources 
such as essential amino acids and a component from serum (Spindle 
and Pedersen, 1973).
The successful culture of t rophoblastic outgrowths which 
possess a viable ICM region often t imes can be nothing more than an 
exercise in futility. In an effort to increase the consistency of the 
culture success rate, several different strategies have been devised 
by various investigators. For example, Pienkowski et al., (1974) and 
Rowinski et al. (1975) reported that a much higher rate of 
trophoblastic outgrowths which also contained viable ICM regions 
were obtained if blastocyst stage murine embryos had their zona 
pellucidae removed via trypsin degradation before culture 
procedures were intiated. It is possible that this proteolytic 
enzyme stimulates the blastomeres to divide and the implantation 
initiation factor (11F) which might be necessary for implantation and 
deve lopment in v i t ro is proteolytic in nature (Pienkowski et al.,
1 974).
Alternatively, Juurl ink and Fedoroff (1977) d iscovered that 
mouse trophoblast ic outgrowth development was enhanced 
considerably when the MEM they used for embryo culture procedures 
was fortif ied with six t imes the or ig inally prescribed essentia l
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amino acid concentrat ion plus 20% fetal bovine serum, which was 
replaced 48 h later with human cord serum. They also reported the 
diameter of the ICM cone was about 1.5 t imes greater for 
outgrowths cultured in the fort if ied medium as compared to the 
ICMs of outgrowths cultured in standard MEM containing "normal" 
concentrat ions of essential amino acids.
In a similar experiment, Spindle (1980) reported that BME, 
modified to contain essential amino acids at the concentrat ions that 
he discovered were optimal for mouse blastocyst hatching, 
at tachment and outgrowth, supported in vitro development of the 
mouse blastocyst better than other t issue culture media that he 
tested. This medium was improved for growth and differentiation of 
the ICM by doubling the concentration of amino acids and glucose and 
by adding uridine (10 s) and B-mercaptoethanol (10 '5) . In this 
improved medium nearly all blastocysts that were cul tured from the 
two-cell stage hatched and formed trophoblastic outgrowths. Sixty- 
two percent of those outgrowths present possessed two-layered egg 
cylinder-1 ike s truc tures .
Lastly, it is important to emphasize the fact that both pH level 
and serum quality have both been implicated as a source of trouble 
when it comes to poor ICM developmental rates for trophoblastic 
outgrowth culture systems. Pienkowski et al. (1974) reported that a 
pH of 7.4 was optimal as far as ICM development was concerned (i.e. 
over 50% of the blastocysts reached the egg cylinder stage), a pH of 
8.0 was less satisfactory (about 30% of the blastocysts developed 
into egg cylinders) and at a pH of 7.0 blastocysts developed into
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t rophoblastic outgrowths which very seldom contained an ICM 
region.
Hsu (1971; 1972) and Juurlink and Fedoroff (1977) reported 
that the best ICM development occurred when human cord serum 
(HCS) was added to the culture medium as opposed to feta! bovine 
serum (FBS). Evidently, the proteins in HCS are a superior source of 
amino acids, both essential and non-essential. It is known that the 
proteins in serum bind signif icant amounts of amino acids, which 
are released via boil ing or treatment with tr ichloroacetic acid.
Such bound amino acids are thought to be released by the serum 
proteins once they have been added to the cell culture medium 
(Eagle, 1959).
For the successful growth of most t issue culture cells, serum 
qual ity is crit ical and this is especially true for blastocysts. The 
use of unsuitable sera has been cited as one of the reasons for a 
fai lure to consistent ly  produce trophoblastic outgrowths which 
possess viable ICM regions. If possible, before embarking on a long­
term project, it is advisable to test as many different batches of 
sera as possible for their ability to support ICM development. It has 
been determined that different batches of serum differ wildly in 
their abil ity to support both trophoblast ic outgrowth and ICM 
deve lopment in v i t r o . Once batch-testing of different lots of sera 
has been completed one should use only that serum which was 
capable of consistently permitt ing the highest ICM development 
rates (Robertson, 1987).




Surgical procedures are applied to the blastocyst stage 
embryo. The first successful microsurgical technique for the 
production of ICM-free mouse "blastocyst" was developed by Gardner
(1971). Expanded d 3.5 blastocysts surrounded by intact zonae 
pellucidae were oriented and held by suction pipette against the 
underside of the coverslip of a hanging drop of culture medium. A 
piece of the cutting edge of a safety razor-blade attached to a 
mounted needle was arranged vertically on one manipulator unit so 
that its cutt ing edge was perpendicular to the surface of the 
coverslip which was posit ioned atop the embryo manipulation 
chamber. By raising the blade slowly the living blastocyst could be 
severed parallel to the surface of the ICM, either equitorial ly, to 
yield equitorial trophoblastic fragments or c lose to the embryonic  
pole, to yield maximal trophoblast ic fragments. Sectioning 
blastocysts through the equator presents no diff iculty. However, the 
embryo tends to rotate away from the advancing blade when it is cut 
close to the suface of the embryonic pole where the ICM is located. 
This can be prevented by slightly increasing the suction or 
alternatively, by using a microneedle to help immobil ize the embryo. 
The selection of only well -expanded blastocysts enables 
trophoblastic fragments to be obtained which have little chance of 
inclusion of ICM cells.
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All such fragments are next cultured for 2 to 4 h in an 
appropriate culture medium. At the end of this period most, if not 
all, of the trophoblastic fragments have resealed and revesiculated. 
Once this has occurred, viable murine trophoblast ic vesicles which 
are totally devoid of ICM cells are produced.
The disadvantage of this method is that it is technically 
difficult, requires expensive equipment and can be used only on a 
relatively small number of embryos at any one time (Gardner, 1978).
Addit ionally, it is worth noting that a much higher proportion 
(26/40) of the maximal trophoblast ic vesicles obtained by 
sectioning d 3.5 embryos implanted following their transfer to the 
uteri of d 2.5 recipients than did the smaller, equitorial 
trophoblastic vesicles (8/30). This leads to the hypothesis that 
perhaps a certain critical number of TE may be necessary to induce 
decidualisat ion (Gardner.1971). However, it was later shown by 
Gardner (1974b) that this hypothesis may not be totally correct. He 
reported that both normal midgestational stage fetuses and young 
could be expected after the transfer of "half blastocysts",  which 
were produced by sectioning d 3.5 blastocysts medially 
perpendicular to the surface of the embryo, to the uteri of d 2.5 
recipients. Such results argued against the hypothesis that a low 
number of TE cells was responsible for the very low implantation 
and development rates exhibited by the equitorial trophoblastic 
v e s i c le s .
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Nonsurqical methods
The ICM region of the murine embryo is much more susceptible 
to a wide variety of different agents than are the TE cells. This 
makes it possible to selectively administer lethal damage onto the 
ICM cells of the d 3.5 mouse embryo. In most instances, if these 
agents are properly administered, any collateral damage that may 
have also been inflicted onto either the TE cells or the adjacent 
c leavage-stage blastomeres is usually not extensive enough to 
impair their subsequent developmental capacity.
These nonsurgical procedures have the advantage of being not 
only simple but also large numbers of embryos can be processed 
simultaneously. Addit ionally, in all but one instance, expensive 
equipment is not needed in order to utilize these procedures.
The stage of morphological development to which each 
particular t reatment is applied ranges from very early cleavage 
stages to the late blastocyst. Thus far, there appears to be very 
little evidence of variation in the reaction shown by different 
strains of mice.
(a) Metabolic inhibitors - These agents do not eliminate the ICM 
from the blastocyst but effectively prevent its subsequent 
development during the trophoblastic outgrowth stage of in v i t ro  
development. The differential effects of three inhibitors have been 
reported in the li terature. Data indicate that ICM-free trophoblastic 
outgrowths can be produced if d 3.5 mouse blastocysts are first 
cultured for 24 h in MEM which contains cordycepin, an inhibitor of 
RNA synthesis, at a concentration of 50 pg/ml. Similarly, when d 
3.5 embryos are exposed to 0.005jjg of actinomycin D/ml of MEM
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they also proceeded to develop into outgrowths that were ICM-free 
(Rowinski et al., 1975).
Cordycepin, an adenosine analogue, exerts its lethal effects 
after it is successful ly incorporated into the RNA molecule, which 
results in the arrest of RNA chain elongation at the point of 
incorporation (Siev et al., 1969). Actinomycin D, another RNA 
synthesis inhibitor, exerts it’s effects after it binds to the single 
stranded DNA (ssDNA) template which is present during the S phase 
of the cell cycle. This binding action consequently will block RNA 
synthesis by inhibiting DNA-dependant RNA-polymerase (Goldberg, et 
al., 1962).
Another cytolytic agent which can be used to selectively 
eliminate the ICM cells is cycloheximide. Rowinski et al. (1975) 
reported that cycloheximide can be used to consistently produce 
ICM-free outgrowths of d 3.5 mouse blastocysts first cultured in 
MEM containing 0.1 pg/ml of cycloheximide for 24 h. On the other 
hand, development of control blastocysts in cycloheximide-free MEM 
resulted in the consis tent production of outgrowths with well- 
developed ICM and egg cylinder-like structures (Rowinski et al., 
1975).
Cycloheximide exerts its effects by inhibit ing protein 
synthesis. It does this by interfering with the transfer of amino 
acids from transfer RNA (tRNA) to the polypeptide chain (Wettstein 
et al., 1964).
The exact mechanism by which these three cytolytic agents 
exert their selective influence is presently not known. However,  the 
ICM cells of the post-implantation stage embryos are probably more
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suscept ible to these agents due di fferent cell proli feration patterns 
of these cells as compared to TE cells of the mural trophectoderm 
region.
The TE cells of both the proximal (near the ICM) and the distal 
(abembryonic pole) mural TE regions cease mitotic proliferation 
activities shortly before hatching occurs. These mural TE cells soon 
become larger in size than the polar TE cells. They also exhibit 
enhanced uptake and intracellular digestion capabi l i t ies than do the 
smaller, less numerous, mitotically active polar TE cells (Gardner, 
1974a). Enlargement begins at the abembryonic pole on d 4 of 
development and is completed 12 h later (Dickson, 1966). These 
mural TE cells continue to increase in size without dividing, thereby 
forming polyploid primary giant cells whilst the polar TE cells 
retain their mitotically active, diploid status. It is only after the 
polar TE cells have distanced themselves from the ICM that they 
undergo a transformation to non-mitotic, polyploid secondary giant 
cells. This happens immediately after implantation has occurred 
(Copp, 1978b).
During this same time period there is a considerable increase 
in the mitotic activity of the murine ICM cells (Snow, 1976). Thus,
it seems likely that the onset of implantation is associated with an
increase in the rate of cell division which, if uniform throughout the 
polar TE and ICM regions, leads to synchronous mitotic division of 
the diploid cells of the rapidly developing egg cylinder.
It could very well be that the previously discussed
antimetabol ites can selectively el iminate the ICM ceils more easily 
than the TE cells by the fol lowing mechanism. The mitotically
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active, diploid ICM cells have fewer mRNA transcripts, ssDNA 
templates and tRNA molecules to contend with than do the 
nonmitotic, polyploid mural TE cells which have already transformed 
into primary giant cells. Thus, a concentration of any of the three 
inhibitors just high enough to permit select ive eliminat ion of the 
ICM cells should allow for the continued viabil ity of the TE cells 
This is due to the fact that, under such conditions, the TE cells 
should have an adequate number of unaltered mRNA transcripts, 
ssDNA templates or tRNA molecules to allow for the continued 
production of adequate levels of protein products essential for 
continued cell viability. On the other hand, one would expect the TE 
cells to be vulnerable if the concentration of any of the three 
inhibitors, were raised to a level that would saturate all of the 
appropriate molecular "target" sites. This would lead to the death of 
the TE cells as well.
(b) X - i r ra d ia t ion  - It has been shown that X-irradiation of c leavage 
stage mouse embryos in vivo leads to both preimplantation and early 
postimplantation death (Russell and Russell, 1954; Rugh and Grupp, 
1959, Ohzu, 1965; Russell and Montgomery, 1966; Fisher and 
Smithberg, 1973). Goldstein et al., (1975) conducted simi lar in v i t ro 
studies for two reasons. First, all possible radiation-protective 
features that the maternal environment might provide could be 
avoided. Second, in vitro studies would allow for a direct 
assessment of any radiation damage that would be expressed during 
both preimplantat ion and early postimplantation stages of 
embryonic development.
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Results from these experiments revealed that radiation 
damage to embryos at the 2-cell, 4-cell or 8-cell stage did not 
immediately disrupt cleavage, but it did reduce their abil i ty to 
undergo the morphological changes of blastulation. Irradiation of 
morulae, however, did not prevent blastulation. Instead, virtually 
all damage to morulae is expressed after the blastocyst stage of 
development was reached.
Treatment of blastocysts with up to 1000 rads of X- 
irradiation did not prevent them from either hatching or forming 
blastocyst outgrowths. However, it appeared that only the ICM cells 
were radio-sensit ive. As the level of X-irradiation was increased, 
the percentage of blastocysts that developed into trophoblastic 
outgrowths which possessed an ICM region decreased whereas the 
proportion of blastocysts that developed into trophoblastic 
outgrowths, regardless of whether or not they possessed and ICM 
region, did not signif icantly differ from one dose of radiation to the 
next.
The percentages of outgrowths that possessed a viable ICM 
ranged from a high of 45% for those outgrowths that developed from 
blastocysts which received 200 rads of radiation to a low of 10% for 
those outgrowths which developed from blastocysts which were 
subjected to a total of 1000 rads of radiation.
The basis of the aforementioned divergence in radio- 
sensit ivit ies has yet to be elucidated. Most likely it is attr ibutable 
to the previously discussed unique growth patterns that occur in 
these two cell types immediately  after their init ial d i f ferentiat ion 
which occurs several hours prior to and immediately after the
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advent of implantation. Although both cell types are diploid until 
the early blastocyst, mural TE cells and post-implantation 
trophoblast cells begin the process of endoreplication one or two 
cell divisions later and are then able to grow on as giant cells 
without further division. The ICM cells, on the other hand, continue 
a high rate of proliferation and may for this reason remain 
susceptible to radiation-induced aneuploidy. Thus, these cells may 
be proliferating at such a high rate that the presumed murine 
chromosomal strand-repair enzymes, which are suspected of being 
very similar to those coded for in humans by the gene XRCC1 
(Thompson et al., 1990a; Thompson et al., 1990b; Thompson, 1991) 
may not have enough time to complete the repair of extensive 
radiation-induced damage to the murine DNA before the next cellular 
division. Thus, the next generation of ICM cells may not possess the 
intact DNA sequences that are essential if cont inued cell viability 
and / or the capacity for synchronous mitotic div is ions are to 
cont inue.
Chromosome strand breakage can be repaired to insure the 
continued survival of the irradiated organism. Town et al. (1974) 
and Wolff (1972) showed that X-irradiat ion-induced chromosome 
damage can be repaired in t ime to insure the continued survival of 
either bacteria or mammalian cells provided the degree of damage 
was not too extensive.
In summary the process of X-irradiation does not result in the 
immediate elimination of the ICM cells from the blastocyst stage 
murine embryo. Instead, these cells begin to die out only after at 
least 24 h have elapsed since the application of the radiation,
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leaving the trophectoderm to continue development as giant cells. 
Thus, it appears that, although lethally irradiated, the ICM is still 
capable of st imulat ing trophectoderm proli ferat ion before it finally 
degenerates.
(c) Tr i t ium-label led thvmid ine (f3H1thymid ine) - During early mouse 
embryo development,  two distinct populations of b lastomeres will 
have arisen by the 16-cell stage of development is reached. Those 
blastomeres enclosed on the inside of the early morula stage embryo 
are destined to become ICM cells whereas those blastomeres which 
are located on the periphery are destined to develop into TE cells 
(Hil lman et al., 1972). The majority of these will ult imately 
di fferentiate into either pr imary giant cells (either short ly  before 
or after implantation) or the more numerous secondary giant cells 
(shortly after implantation). The nuclear en largement associated 
with the development of trophoblastic giant cells has been shown to 
involve the formation of polytene chromosomes (Ansell and Snow,
1974).
At the 16-cell stage, differences have been observed in the 
cell cycle characteristics of the two cell populations (Barlow et al., 
1972). Snow (1973b) has noted that the inside population of cells 
can be selectively damaged at this stage of morphological 
development if embryos are treated in vitro with [ H j thymid ine. The 
population of the outside cells continues to cleave normally, 
however, giving rise to blastocysts which enclose signi f icantly 
reduced numbers of ICM cells.
To obtain ICM-free "blastocysts", embryos were first exposed 
to 0.05 pCi/ml of methyl [3H]thymidine at the late 2-cell or early 4-
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cell stage. The duration of the treatment is 12 h which enables 
treated embryos to be removed from [3H]thymid ine culture medium 
before they reach the 16-cell stage of development.
Approximately 80% of the blastocysts grown in 0.05 pCi/ml of 
[3H]thymidine will be found to be totally lacking an ICM region 
although many can be composed of 30 to 50 cells. An analysis of the 
subsequent development of these radiation-damaged blastocysts 
was carried out and data indicate that the cells of these blastocysts 
were capable of further differentiation, but only as invasive 
tropohoblasts (Snow, 1973a).
Concentrations above 0.1 pCi/ml are lethal to both TE and ICM 
cells. Between 0.01 and 0.05 pCi/ml, there is only a reduction in the 
number of ICM cells in the blastocyst. For example, at 0.025 pCi/ml 
the ICM region can be expected to contain as few as two or three 
cells in approximately 50% of the treated embryos. The remainder 
of these embryos would completely lack ICM cells (Snow, 1973b).
Addit ional observat ions have revealed that trophoblastic 
vesicles produced by such treatments do not lose their abil ity to 
hatch, nor are they prevented from outgrowing and becoming giant 
cells in culture. They also retain the abil ity to undergo invasive 
implantation activities. However, they do not possess the capabil i ty 
to undergo mitotic proliferation unless an ICM region is present 
(Snow, 1973a; Snow, 1975) and will therefore enter into embryonic 
diapause in the uterus of the female (Snow, 1976).
Several factors interact in the production of large ICM-free 
blastocysts. Unlabelled thymidine is toxic at concentrat ions above 
1 0 '6 M, however it appears the tritium [3H] concentrat ion is critical.
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Thus, a high specific activity [3H]thymidine labelled in the methyl 
group should be used. Thymidine-6-[3H] is more toxic. This will 
make it exceedingly diff icult to selectively eliminate only the ICM 
ce l ls .
The mechanism by which [3H]thymidine reduces ICM cell 
numbers is thought to be as follows. Blastomere death will occur 
primarily at the 16-cell stage. Radiation damage is infl icted upon 
the chromosomal structure by the f3-particles emitted from the 
disintegrating [3H] atoms. These atoms are located on the 
[3H]thymidine molecules which were previously incorporated into the 
chromosomes during the DNA replication activit ies during the S 
phase of the cell cycle.
There is an acceleration in the rate of DNA replication in those 
blastomeres of the 16-cell stage murine embryo which are destined 
to di fferentiate into ICM cells (Snow, 1973b). Therefore, there 
would be insufficient t ime for DNA repair enzymes to repair the 
single-stranded breaks in DNA that are infl icted by the R-particles. 
Thus, the accumulation of ’’broken" chromosomes in those 
blastomeres that were destined to become ICM cells would assure 
the demise of either themselves or their progeny.
The blastomeres of the 16-cell stage mouse embryo which are 
destined to differentiate into TE cells experience a much longer S 
phase since they do not undergo mitotic proliferation as fast as do 
their counterparts which are quickly di fferentiating into ICM cells 
(Snow, 1973a). Thus, the DNA repair mechanisms in the peripheral 
blastomeres have sufficient t ime in which to repair any single- 
stranded breaks in the molecular structure of their DNA. They
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should therefore cleave into progeny cells that do not possess an 
exorbitant number of "broken" chromosomes. The viabil ity of their 
daughter cells is therefore not compromised as it is with those 
cells that are dest ined to become ICM cells (Snow, 1973b; Snow,
1 975).
METHODS OF PRODUCING INTRACHIMERIC 
BLASTOCYST STAGE RODENT EMBRYOS
Blastocyst  in jection methods
Gardner (1968) was the first to report the successful 
microsurg ical construct ion of intrachimeric  b lastocyst stage mouse 
embryos which resulted in the birth of chimeric offspring. He 
employed a microsurgical technique which involved a total of five 
microtools, each of which was capable of independant movement.
One microtool was a f lame-polished embryo holding pipette. It 
was used to immobil ize the recipient embryo during blastocyst 
injection procedures. This was accompl ished by applying suction to 
the embryonic pole of the recipient embryo. Three of the other 
microtools f ine si l iconized glass microneedles were used to make a 
tr iangular hole in the abembryonic pole mural t rophectoderm of the 
recipient blastocyst. The wall of the abembryonic mural TE region 
(and its accompanying ZP) were first penetrated by the apposed tips 
of two of the three glass needles. A slit was formed in both the TE 
wall and ZP by separating the needles with a scissor action on the 
double instrument head of a Leitz micromanipulator. The third 
microneedle, which was carried by a Goldacre manipulator, was next
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inserted into this slit. The slit was then transformed into a 
tr iangular hole by lowering the third needle and raising the two 
needles which were initially used to make a slit. If properly done, 
this created a tr iangular point of entry in the recipient embryo 
(approximately 25 urn in length at its widest point) through which 
the fifth microtool, a smooth-t ipped injection pipette, could then be 
inserted into the blastocoel ic cavity. The injection pipette 
contained anywhere from one to five cells that were randomly 
selected from previously disaggregated donor mouse embryos. No 
effort was made to distinguish the origin (TE or ICM) of injected 
cells. Injected cells were obtained from d 3.5 blastocyst stage 
mouse embryos (PDE X CBA/T6) which were mechanically 
disaggregated in calcium- and magnesium-free bovine serum 
solution (BSS).
Upon entry, the donor cells were injected into either the 
blastocoel ic cavity or directly onto the surface of the ICM region of 
the recipient embryo. Once cel lular injection procedures were 
completed, the injection pipette was quickly withdrawn. This was 
followed by the immediate withdrawal of the three microneedles. In 
all instances, the injected recipient blastocysts would undergo a 
collapse of the mural trophectodermal wall which overlay the 
blastocoel ic cavity. All such injected blastocysts were then 
cultured for 2 to 4 h. Those that re-expanded were transferred to d 
3 psuedopregnant recipient females.
These results clearly indicate that cells injected into the 
blastocoele can be incorporated into the host embryo. Fourteen
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percent of the murine offspring that were produced by this 
procedure were found to be chimeric.
It was later shown that this same microsurgical procedure 
could be modified to allow for the construction of d 3.5 
intrachimeric blastocyst stage murine embryos via the placement of 
an intact d 3.5 ICM which had previously been isolated from donor 
embryos via microdissection procedures. The donor ICM was not 
aspirated into the bore of the injection pipette as was the case with 
the previously descr ibed cel lular injection procedure, rather it was 
held in place on the tip of the injection pipette by suction. Once the 
triangular point of entry was made in the recipient embryo, the 
injection pipette was inserted into the blastocoel ic  cavity of the 
recipient embryo and the donor ICM was placed into the blastocoele 
of the recipient embryo. Chimeric murine offspring were also 
produced by this procedure {Gardner, 1971; 1974b).
The previously decribed technique is quite eff icient but is 
delicate in practice and necessitates considerable training for 
making both the f ine glass microinstruments and for performing the 
injection itself. Nonetheless, blastocyst injection procedures had 
proven to be a powerful research tool for the investigation of 
important biological problems, such as cell l ineage studies in the 
early mammalian embryo. Thus, investigators at that t ime had no 
choice but to master Gardner's exceedingly di ff icult microsurgical 
techniques if they were to incorporate blastocyst injection 
procedures into their research programs.
In response to the pressing need for a technically less 
demanding injection procedure Mustafa and Brinster (1972) and
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Brinster (1974) announced the development of more "simplif ied" 
techniques. Their procedures involved the use of only two 
microtools instead of five. The recipient blastocyst was 
immobil ized by suction on the tip of one glass micropipette while 
the foreign ICM cells to be injected were forced into the blastocoele 
via the use of the second microinstrument, which was a bevelled 
cell injection pipette. As was the case with Gardner’s technique, 
the recipient embryo was held by the holding pipette at the 
embryonic  pole whereas the trophectodermal wall of the 
abembryonic pole of the same embryo was pierced by the injection 
p ip e t te
Unfortunately, this technique was quickly rejected by various 
investigators as inadequate because, as both Moustafa and Brinster
(1972) had acknowledged, high quality bevelled pipettes were 
diff icult to make with any degree of consistency. Also, they could 
only be used for the injection of only one or two embryos before 
blockage with trophoblastic debris rendered them useless. Thus, 
uti l ization of this technique of blastocyst injection would 
necessitate frequent replacement of the injection pipettes by the 
micromanipulat ion specialis t  (Gardner, 1978).
Fortunately, the development of a very functional, less 
sophisticated approach to blastocyst injection was later reported by 
Babinet (1980). His technique was essential ly a modification of 
previous methods. Only two instruments were involved: one 
microtool functioned as a holding pipette whereas the second 
microtool was util ized for cellular injection procedures. No 
bevell ing or f lame-polishing of either instrument was needed.
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Addit ionally, the injection pipette could be util ized for many 
successive injections before blockage with trophoblast ic  debris 
became so extensive that it's replacement was necessitated.
Using this method Babinet (1980) was able to produce chimeric 
murine offspring via the injection of various numbers of 
disaggregated ICM cells which were previously obtained from a 
genetically different strain of mice. In a seperate set of 
experiments Babinet was also able to obtain chimeric offspring via 
the injection of intact, genetically distinct ICMs into recipient 
embryos as well. Unlike the previously cited investigations the ICMs 
that were obtained for injection procedures were isolated from the 
donor embryos via immunosurgical procedures, which were 
developed by Solter and Knowles (1975).
Gardner (1971) was the first to report the successful  
construct ion of reconst ituted murine blastocysts. This was 
accompl ished by the microsurgical injection of previously  isolated 
ICMs into genetically distinct, ICM-free trophoblastic vesicles. The 
pure trophoblastic vesicles that were needed to generate such 
embryos were obtained from d 3.5 mouse blastocysts. After 
washing, embryos were transferred to a hanging drop of culture 
medium on the ventral surface of a coverslip which was atop an 
embryo manipulation chamber. Each embryo was held in contact 
with the coverslip by the use of a holding pipette. Suction was 
applied to the embryonic pole of each embryo that was to be 
dissected. The cutting edge of a safety razor blade was used to 
section each blastocyst. This was accompl ished by advancing the 
blade, which was aligned perpendicular to the ventral surface of the
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coverslip, towards the embryo via the use of a micromanipulation 
un it .
Equitorial trophoblastic fragments were be obtained if the 
cutt ing edge of the razor blade was posit ioned so that it would 
bisect the embryo through it's equatorial plane. Alternatively, what 
were known as maximal trophoblastic fragments were obtained if 
the cutt ing edge of the razor blade was oriented so that it would 
pass both very close and parallel to the surface of the ICM once.
All trophoblastic fragments were cul tured in an appropriate 
embryo culture medium from 2 to 4 h immediately after the 
bisection procedures were complete. At the end of this t ime period 
most of the fragments had both resealed and recavitated and 
henceforth were known as trophoblastic vesicles. They were then 
subjected to the blastocyst ICM injection procedures.
Reconsti tuted blastocysts obtained in this manner di ffer from 
normal blastocysts in two particulars. First, their ICM and 
trophectoderm regions are derived from two different embryos. 
Second, they lack the polar trophectoderm region that is found in 
both nonmanipulated embryos and in embryos that have been 
subjected to one of the previously d iscussed blastocyst injection 
procedures.
The reconstituted blastocysts that were produced and later 
transferred to recipient mice were not al lowed to develop to term. 
This was due to the fact that they were part of an investigation 
(Gardner, 1971) which was designed to determine whether or not the 
polar TE cells or the ICM of the intact, d 3.5 blastocyst that were 
responsible for the development of the ectoplacental cone after
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implantation had occurred. Gardner (1971) stated that he saw 
absolutely no reason why such reconstructed embryos would not be 
capable of developing to term. This assessment was shown to be 
correct by the research team of Barton et al. (1985). They reported 
the birth of nonchimeric mice using the same techniques for 
construct ion of reconst i tu ted b lastocysts that were init ially 
developed by Gardner (1971; 1974b). Their study involved two 
genetically distinct strains of mice. One strain of mice (CFLP X 
CFLP) was known to be homozygous for the isoenzyme glucose 
phosphate isomerase-A (GPI-1A). Trophoblastic vesic les were 
obtained from the embryos of these mice. The other strain of mice 
(C57 BL/6J X CBA/Ca F-t) were known to be homozygous for another 
electrophoret ic  variant, isoenzyme glucose phosphate isomerase-B 
(GPI-1B). ICMs were obtained via immunosurgical disection of 
embryos that were obtained from the Fi.  Both young produced during 
this study were GPI-1A. This was not surprising since an 
electrophoret ic analysis of d 11 to d 12 conceptuses were found to 
be GPI-1A posit ive for the trophoblast derivatives and GPI-1B for 
the fetus and yolk sac.
Papaioannou (1981; 1982) devised an alternative, 
microsurgical procedure for the introduction of an ICM into the 
blastocoele of a genetical ly  distinct murine trophoblast ic  vesicle.
In order to util ize her reconstitution procedure it was first 
necessary to make a slit in the zona pellucida directly over the ICM 
of a well-expanded recipient blastocyst. This was done via the use 
of two fine glass needles. After a few h in culture at 37° C the 
blastocyst ICM and it's adjacent polar t rophectoderm herniate
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through the slit. Internal fluid pressure from inside the blastocoel ic 
cavity forces this portion of the blastocyst out through the slit.
Another pair of f ine glass needles are next util ized to pry open 
the slit through which the ICM and it’s adjacent polar trophectoderm 
tissue is protruding. A single intact, genetical ly  distinct murine 
ICM, which is held by suction on the tip of a f ire-pol ished injection 
pipette, is then introduced into the blastocoel ic cavity where it is 
then deposited. Immediately thereafter both the injection pipette 
and the two glass needles were withdrawn from the embryo. After 
this was accomplished, the extruding ICM of the herniated 
blastocyst was then cut off via the use of the two glass needles. A 
reconstituted blastocyst, with host trophectoderm and donor ICM is 
left inside the zona pellucida and can then be transferred to the 
uterus of a foster mother. No live young were allowed to be carried 
to term after the transfer of reconstituted blastocyst which were 
generated from this technique. However, a large number of 
morphologically  normal conceptuses at varying stages of 
development were produced for cell l ineage studies.
Both of the previously descr ibed methods for the microsurgical 
construct ion of reconst itu ted intrachimeric murine b lastocysts  will 
enable investigators to produce murine offspring with a fair degree 
of success. However, subsequent investigations of both inter- and 
intraspecif ic blastocyst reconstruct ion that were conducted by 
Rossant et al. (1983) have indicated that the viabil ity of the 
chimeric conceptuses is typically low. One of the main technical 
di ff icult ies that may be a factor in this low conceptus viabil i ty rate 
is the insertion of the isolated ICM into the small trophoblast ic
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vesic les that result from blastocyst microdissect ion (Gardner,
1971). Moreover, previous studies have indicated that implantation 
rates are reduced for murine trophoblastic vesic les in which cell 
numbers are low (Gardner, 1971; Surani and Barton, 1977). Hence, 
the two previously cited procedures for the production of 
intraspecif ic blastocysts are cosidered to be less than satisfactory.
In response to this, Loskutoff and Kraemer (1991), explored 
the feasibil i ty of an alternate method of blastocyst reconsti tution.
In their study, giant trophoblastic vesicles were produced from 
B6D2 Fi X BL/6 embryos. This was accomplished by transferring 
f ive high quality, ZP-free 8- to 12-stage embryos into 50 pi 
microdrops of culture medium. To promote aggregation, fluid 
currents were generated to move the embryos into close contact 
with each other. They were then cultured to the blastocyst stage of 
development in a humidified atmosphere of 5% COg.
Once the "giant blastocysts" were produced, giant TE 
fragments were produced by microsurgically removing the the ICM 
and the polar TE cells from each "giant blastocysts". These mural TE 
fragments were then cultured for 1 to 2 h to allow repair and 
vesic le formation before blastocyst reconstitution procedures were 
init iated. After vesiculation was completed a single 
immunosurgically isolated C3H ICM was inserted into the 
blasotcoel ic cavity of each giant trophoblastic vesicle. This was 
done by the procedure perfected by Gardner (1971; 1974b; 1978). All 
such reconstitued blastocysts were cultured for 24 h at 37° C. At 
the end of this t ime period all embryos which had revesiculated 
were transferred to pseudopregnant recipients.
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The number of live offspring with agouti coat color (marker) 
obtained from reconstituted blastocysts was not statist ically 
different from the number offspring produced from the transfer of 
either B6D2 Fi X BL76 embryo aggregates, cultured in vitro for 24 h, 
or nonmanipulated control B6D2 Fi X BL/6 embryos. However, the 
number of agouti offspring obtained from the reconsti tuted 
blastocysts was indeed signif icantly lower than the number of 
progeny obtained from the transfer of nonmanipulated C3H embryos. 
These results indicate that giant trophoblastic vesicles can be 
effect ively  used for intraspecif ic  b lastocyst reconst i tu t ion in mice.
Each of the three previously discussed methods of constructing 
blastocyst stage murine embryos can be utilized by both 
reproductive physiologists and developmenta l bio logists with 
varying degrees of success. However, none of these techniques are 
easily mastered. A considerable amount of patience, t ime and effort 
are required before any of them can be competently used. A true 
need therefore exists for the development of a more simplif ied 
method for producing reconstructed intrachimeric  blastocysts which 
result in the births of nonchimeric offspring.
Ideally, this new procedure would be one that requires only 
two microtools; an ICM injection pipette and an embryo holding 
pipette. Babinet (1980) has shown that such a set-up is relatively 
easy to master and can be routinely util ized to construct 
in traspecif ic  chimeric  b lastocyst via the microsurg ical injection of 
a single isolated murine ICM into the blastocoelic cavity of a 
genetically distinct mouse blastocyst. A microsurgical procedure 
such as this one is technically much easier to master than the those
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developed by Gardner (1968), Papaioannou (1981; 1982) and Loskutoff 
and Kraemer (1990).
Unfortunately, Babinet's approach cannot currently be used to 
produce reconstructed murine blastocysts due to the fact that the 
ICM cells of the recipient embryo are viable. Thus, only chimeric 
offspring are carried to term. However, it seems plausible to 
assume that if one could selectively destroy only the ICM cells of 
these recipient blastocyst before a genetically distinct murine ICM 
was injected into its blastocoelic cavity that only nonchimeric 
mouse pups could be carried to term. Without question, such an 
approach towards production of reconstructed murine blastocysts 
would be technically much easier to master.
Therefore, the overall goal of this research project was to 
develop such a procedure using either X-irradiation or thermal 
stress treatments to selectively elim inate the ICM cells of the 
recip ient b lastocysts before genetica lly  d is tinct ICMs were 
m icrosurg ica lly  in jected into them.
CHAPTER II
THE EFFECTS OF IONIZING RADIATION ON BOTH THE ICM AND TE CELLS
OF THE MOUSE BLASTOCYST
INTRODUCTION
Mouse blastocysts, which are cultured in v itro , can develop 
into structures that resemble the egg cylinder of early post­
implantation embryos (Pienkowski, et aL, 1974). At the initiation of 
culture, b lastocysts are composed of the internally located ICM and 
the peripheral TE cells. The developmental fate of the ICM cells at 
this stage of embryonic development is still labile. They can 
differentiate into any of a large number of different cell types. 
However, they are not destined to become TE cells. The TE cells are 
destined to differentiate into the amitotic primary and secondary 
giant trophoblast cells of the early post-implantation stage mouse 
embryo.
During continued culture in complex medium the blastocysts 
will hatch and then attach to the surface of a plastic petri dish. 
Afterwards, the embryo will collapse and a rapid migration of the TE 
cells will flatten the blastocyst, leaving a mass of ICM cells in the 
center (Cole and Paul, 1965; Pratt, 1987).
Independent research conducted by several laboratories both 
revealed and confirmed that the ICM cells were quite susceptible to 
the cyto ly tic  effects of several d iffe ren t antim etabo lites (Snow, 
1978). In addition, early cleavage stage mouse embryos also give
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rise to ICM-free "false blastocyst" when cultured for 12 h in 
[3H]thymidine (Snow, 1973a; 1978).
With this information in mind, it would seem reasonable to 
hypothesize that the ICM cells of the mouse blastocyst are also 
susceptib le to other cell selective treatm ents which would leave 
the TE cells relatively unscathed.
One such treatment would be that of X-irradiation. A thorough 
search of the literature reveals the presence of only one study which 
suggests that the ICM cells of the mouse blastocyst are highly 
susceptib le to the effects of ionizing radiation.
The results of this study apparently have never been confirmed 
by independant investigation. In addition, the degree of 
susceptib ility of the TE cells of the mouse blastocyst remain 
unclear as well. This is due to the fact that the computer image 
analysis capabilities that are necessary to determine whether or not 
the TE cells exhibit any degree of radiosensitiv ity were not in 
existence at the time the research was conducted.
The primary objective of experiment I was to determ ine if the 
two major cell types which comprise the blastocyst stage embryo 
exh ib it  d iffe ren tia l susceptib il ity  to various levels of X -irrad ia tion, 
A secondary objective of experiment I was to identify those levels 




Anim al m aintenance
Albino ICR strain mice (Harlan Sprauge Dawley, Indianapolis,
IN) were used during this phase of the investigation. All animals 
were maintained on a year-round light / dark cycle of 14 / 10 (lights 
on at 0500). This ensured a regular supply of embryos at a constant 
development stage at the same time of day on a year round basis. 
Rodent Laboratory Chow #5001 (Purina Mills, Inc., St. Louis, MO) was 
provided to all animals on an ad lib itum basis. Room temperature 
was maintained at approximately 21-25° C throughout the year.
Embrvo recovery
All embryos that were to be subjected to X-irradiation 
treatments were recovered from randomly bred adult females. All 
donor females were kept in a separate male-free room until mating 
procedures were initiated. A single female was then transferred to 
a breeding cage that housed individual stud males.
Females were checked for plugs on a daily basis, usually 
between the h of 0800 and 1100. Mated females were removed from 
the breeding cage and immediately transferred to a holding cage in a 
male-free room where they remained until the time of 
e xp e r im e n ta t io n .
Blastocyst stage embryos were recovered from the uteri of 
euthanised adult donor females on the afternoon of d 3 (plug *  d 0) 
by the methods outlined by Robertson (1987). The excised
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reproductive tracts were flushed with Eagle's MEM supplemented 
with 0.3% bovine serum albumin (Sigma Chemical Co., St. Louis, MO), 
10 mM glutamine (Gibco Laboratories, Grand Isle, NY), 100,000 U/l of 
penicillin (Gibco Laboratories, Grand Isle, NY), 50 mg/l of 
streptomycin (Gibco Laboratories, Grand Isle, NY) and buffered with 
5 mM Hepes-buffer (Gibco Laboratories, Grand Isle, NY) to pH 7.4. All 
embryos selected for treatment were washed 5x in flushing medium.
Embrvo selection
A very rigid selection process was implemented throughout the 
duration of experiment I. This was done in an effort to avoid 
selecting embryos which appeared e ither morphologically suspect or 
morphologically normal but retarded in their development.
This resulted in the selection of only "perfect” , well expanded 
grade 1 blastocysts for study. All such embryos possessed the 
blastocoelic cavities that occupied at least 75% of the total volume 
of the embryo. Additionally, the ICM region of these "perfect” 
embryos were always disc-like structures that were devoid of any 
pycnotic cells. Lastly, the TE cells of these embryos were also 
judged to be devoid of any pycnotic cells as well.
The purpose of such a rigid selection process was to maximize 
the likelihood that any failure of a treated blastocyst to undergo the 
developm enta l events of hatching, trophoblastic  outgrowth 
formation and outgrowth formation with a viable ICM was due 
primarily to detrimenta l treatment effects and not due to inherent 
developmental defic iencies of the embryos themselves.
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X -irrad ia t ion  p rocedures
After washing, embryos were randomly assigned to one of two 
silicone-coated (Sigmacote, Sigma Chemical Co., St. Louis, MO) 1.25 
pi capacity po lypropylene m icrocentrifuge tubes {Screw-Cap Micro 
Tube, Sastedt, Inc., Newton, NC). In each replication approximately 
one-half of the embryos were assigned to a control tube, labelled 0. 
The remaining embryos were assigned to a randomly chosen 
treatment tube which was labelled with one of the follow ing 
designations: T500, T600, T700, T800, T900 or T1000.
Each tube of embryos contained 1 jal of Hepes-buffered MEM.
Two replicates were performed for each of the six d ifferent 
levels of X-irradiation that were studied. A total of 12 d ifferent 
control mean values were therefore obtained; two for each of the six 
d iffe ren t endpoints that were scrutin ized during this investigation.
Control embryos, which were assigned to any tube labelled TO, 
were carried to and from the X-ray facility along with the embryos 
in the treatment tube. However, they were left outside of the 
treatment room during all X-ray administration procedures.
Embryos in treatment tubes were subjected to one of the 
following dosages of X-irradiation: 500 rads (T500), 600 rads 
(T600), 700 rads (T700), 800 rads (T800), 900 rads (T900) or 1000 
rads (T1000).
All X-irradiation treatments were de livered through the beam 
of a G.E. Maxitron which was filtered through 2.0 mm Cu and 0.4 mm 
Al. A 10-mA beam current resulting in a dose rate of 100 rads / min 
was used throughout the duration of experiment I, Output was 
calibrated before each treatment application with LiF dosimeters.
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Post- irrad ia t ion  em brvo cu ltu re
After the completion of all X-irradiation procedures both 
control and treatment embryos were assigned to separate sterile 60 
mm polystyrene petri dishes (Baxter Scientific Products, McGaw 
Park, IL). Control embryos were placed in a petri labelled TO (0 
rads). Treatment embryos were placed in a petri dish which 
displayed one of the following labels; T500 (500 rads), T600 (600 
rads). T700 (700 rads), T800 (800 rads), T900 (900 rads) or T1000 
(1000 rads).
Each dish of embryos contained 5 ml of modified MEM. The 
specific modification was to supplem ent m inimum essentia l medium 
with a 1x level of non-essential amino acids and a 2x level of 
essential amino acids. Such a formulation was found to provide 
conditions under which the highest efficiency of ICM development 
occurred. This modified MEM also contained 2.5 mg/ml of sodium 
bicarbonate (Fisher Scientific, Fair Lawn, New Je rsey),10% fetal 
calf serum (Hyclone Laboratories, Inc., Logan, UT), 10 mM glutamine 
(Gibco Laboratories, Grand Isle, NY), 100,000 Ul of penicillin (Gibco 
Laboratories, Grand Isle, NY) and 50 mg/ml of streptomycin (Gibco 
Laboratories, Grand Isle, NY).
Both groups of embryos were cultured in this modified MEM for 
120 h at 37° C in an atmosphere of 5% CO 2 and air. Fresh medium 
was added to both sets of embryos at both 48 and 96 h after the 
beginning of culture. This was accomplished at both time intervals 
by carefully aspirating approximately 2.5 ml of the modified MEM in 
each petri dish in culture and replacing it with 2,5 ml of modified 
MEM.
A3
Cellu lar evaluation procedures
After the com ple tion of culture, all em bryos were initially 
evaluated for evidence of both hatching (defined as the number of 
embryos that hatched / the number of embryos that were subjected 
to specific level of X-irradiation X 100) and percent trophoblastic 
outgrowth formation (defined as the the total number of hatched 
embryos that formed trophoblastic outgrowths / the total number of 
hatched embryos X 100). Additionally, all such outgrowths were 
examined for the presence or absence of an ICM region as well 
(defined as the total number of trophoblastic outgrowths that 
possessed an ICM / the total number of trophoblastic outgrowths X 
100). A lkaline phosphatase staining procedures (Barka and 
Anderson, 1963) which have been shown to be ICM specific at the 
outgrowth stage of development (Ziomek et al., 1982), were utilized 
to fac ilita te  positive identification of the ICM cells.
Three morphometric measurements were taken on each 
outgrowth that possessed a viable ICM region. The first such 
m easurem ent was the total two-d imensional surface area (jam2) 
comprised exclusively of the peripheral trophoblastic cells. The 
second morphometric measurement taken was the total two- 
d imensional surface area (pm2) of the ICM region of each 
trophoblastic outgrowth. The third morphometric value obtained 
was the total ICM surface area (pm2) divided the total surface area 
(p m 2) of the trophoblastic outgrowth on which it was located. 
Morphometric evaluations were carried out using Image 1 and 
M icromeasure computer image analysis program (Universal Imaging 
Corporation, Inc.). If an embryonic outgrowth did not possess an ICM
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region then only the two-dimensional surface area of the outgrowth 
itself was recorded. All of this was done in an effort to determine 
if the ICM cells exhibited either an "all or none" type response after 
they had been subjected to various levels of X-irradiation or merely 
exhibited an apparent decrease in their total cell numbers that may 
have been proportional to the dosage levels of X-irradiation that 
they had received.
Data was collected only from those experiments in which at 
least 70% of the trophoblastic outgrowths that developed from 
control embryos were found to possess an ICM region. This was done 
to maxim ize the likelihood that any failure of a treated blastocyst 
to develop into an embryonic outgrowth that was devoid of an ICM 
was due primarily to the detrimental effects of the applied 
treatment and not due to deficiences in any particular batch of 
culture medium that was used at any one time. This restriction was 
judged to be necessary since it is a well known fact that the various 
complex embryo culture media currently used to support embryonic 
ou tgrow th  de ve lop m en t in v itro  often vary wildly in their ability to 
support consistent ICM development (Johnson, 1987).
S ta tis tica l M ethods
Logistical regression analysis procedures (Hosmer and 
Lemeshow, 1989) were utilized to detect differences in percent 
hatching, percent trophoblastic outgrowth formation and percent of 
outgrowths which also possessed an ICM region.
One-way analysis of variance procedures were employed in 
order to determ ine whether or not any detectable differences
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existed among the following morphometric mean response values: 
total two-d im ensiona l trophoblastic  outgrowth surface area, total 
two-dimensional ICM surface area and the ratio obtained by dividing 
the total ICM surface area by the total trophoblastic outgrowth 
surface area on which it was located. Afterwards, is d  tests were 
used to make preplanned comparisons between all morphometric 
mean response values in an effort to determ ine specifically which 
treatment mean responses were indeed d ifferent (Steel and Torrie, 
1980).
Chi-square procedures were used to determ ine whether or not 
detectable d ifferences existed among the individual control mean 
values for percent embryos hatching. Chi-square was also used to 
determ ine whether or not significant d ifferences also existed among 
the individual control means for both percent embryos forming 
trophoblastic outgrowths as well as the control means that were 
observed for the percent of outgrowths possessing a detectable ICM 
region.
One-way analysis of variance procedures were used to 
determ ine whether or not significant d ifferences existed among the 
individual control mean values for the two-d imensional 
trophoblastic outgrowth surface areas. One-way analysis of 
variance procedures were also used in an effort to ascertain 
whether or not true differences also exist among the different 
control means for not only the two-dimensional ICM areas but also 
among the control means observed for the mean ratio values as well.
The data from each of the 12 separate control sets that were 
collected by conducting two different replicates for each of the six
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different levels of X-irradiation studied were pooled and a single 
control mean for percent embryos hatching, percent embryos forming 
trophoblastic outgrowths and percent outgrowths with an ICM was 
calculated since chi-square procedures failed to detect any 
appreciable differences among these 12 separate control means.
Each control mean was then compared to the six appropriate 
treatment mean responses via the use of logistical regression 
analysis procedures.
Each of these six different treatment means (one for each 
level of X-irradiation tested) that were observed for percent 
embryos hatching, percent embryos forming trophoblastic 
outgrowths and percent of outgrowths with an ICM were calculated 
by combining the data from each of the two different replicates that 
were performed for each different level of X-irradiation that were 
s tud ied .
Similarly, the data from each of the 12 different control sets 
that were collected for each of the six different levels of X- 
irradiation that were studied were pooled and a single control value 
for the mean two-dimensional outgrowth surface area, the mean 
two-dimensional ICM area and the mean ratio value was calculated 
since one-way analysis of variance procedures failed to detect any 
appreciable differences among them. Each control mean was then 
compared to the six appropriate treatment values via the use of one­
way analysis of variance procedures.
RESULTS
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The chi-square test failed to detect any s ignificant 
differences among the 12 separate control means that were 
observed for percent embryos hatching, percent embryos forming 
trophoblastic outgrowths and percent of outgrowths with an ICM 
region. Likewise, one-way analysis of variance procedures revealed 
that there were no detectable differences between the 12 separate 
control means that were observed for the two-d imensional 
trophoblastic  outgrowth surface areas, the two-d im ensiona l ICM 
surface areas and the mean ratio values.
The X-irradiation was found to have no deletrious effects on 
the subsequent ability of the treated embryos to undergo hatching. 
Logit analysis procedures revealed no association between 
percentage of hatching rates and X-irradiation dosage level {P > 05).
The individual observed hatching rates were 92.2% (249/270), 
83.7% (41/49), 91.3% (30/33), 91.7% (44/48), 89.5%  (34/38), 93.2 
(41/44) and 97.6% (44/45) for TO, T500, T600, T700, T800, T900 
and T1000, respectively (Table 1, Figure 1). These data indicate 
that the TE cells of the murine blastocyst are radio-resistant, at 
least as far as the dosage levels tested herein are concerned.
Similarly, X-irradiation was also found to have no effect upon 
the ability of those treated embryos which hatched to subsequently 
form trophoblastic outgrowths. Logistical regression analysis 
procedures revealed that there was no apparent link between 
percentage of trophoblastic outgrowth formation and and X- 
irradiation dosage levels (P > .05).








0f 92.29 (249/270) 89.2h (222/249) 8 6 .9 '(1 9 3 /2 2 2 )
500 83.79 (41/49) 91.8h (38/41) 68.91 (26/38)
600 91.39 (30/33) 86.7h (26/30) 73.1J (19 /26)
700 91.73 (44/48) 88.6h (39/44) 71.8J (28/39)
800 89.59 (34/38) 97.0h (33/34) 69.7J (23 /33)
900 93.29 (41/44) 97.6h (40/41) 62,51 (25 /40)
1000 97.6^ f44/45) 86.4h (38/44) 57.9J 122/38)
aNumbers in parentheses indicate the total number of embryos reaching a specific stage of development / the total number of 
embryos that were eligible to do so.
bX irradiation dosage rate was 100 rads / min.
cPercent embryos hatching defined as total number of embryos hatching / total number embryos treated X 100.
Percent embryos forming outgrowths defined as the total number of embryos forming
oulgrowlhs / total number of embryos halching X 100.
6Percent outgrowths with ICMs defined as total number of outgrowths with 
CM region I total number of outgrowths X 100.
Chi square failed to delect differences among the 12 different control mean values that were observed for each of the following 
developmental endpoints: percenl embryos hatching, percent forming outgrowths and percent outgrowths with ICMs.
9Means in column with identical superscripts do not differ, |P > .05).
hMeans in column with identical superscripts do not differ, (P > .05).
















1 0 0  -i
80 -
GO -






‘G OUTGROW THS 
G  OUTGROW THS 
w-ih ICMs
500 900 1000600 700 800
TREATMENT LEVEL (RADS)
FIGURE 1. Effect of X-irradiation on subsequent blastocyst development. 
a,b Means with different superscripts differ, (P < .05).
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The individual observed trophoblastic  outgrowth formation 
rates were 89.2% (222/249), 92.7% (38/41), 86.7% (26/30), 88.6% 
(39/44), 97.0% (33/34), 97.6% (40/41) and 86.4% (38/44) for TO, 
T500, T600, T700, T800, T900 and T1000 respectively (Table 1, 
Figure 1). These data provide additional information which supports 
the assumption that the TE cells were not sensitive to the levels of 
rad ia tion studied.
In contrast, X-irradiation treatments were found to have a 
detrimenta l effect upon the ability of treated embryos to develop 
into trophoblastic  outgrowths that also supported a v iable, intact 
mass of ICM cells. Logistical regression analysis revealed a 
apparent association between the percent of embryonic outgrowths 
that did not possess a viable, intact ICM area and the level of X- 
irradiation applied (P < .05).
The proportions of outgrowths that possessed an ICM region 
were as follows: 89.2% (198/222), 68.4% (26/38), 73.1% (19/26), 
71.8% (28/39), 69.7% (23/33), 62.5% (25/40) and 57.9% (22/38) for 
TO, T500, T600, T700, T800, T900 and T1000, respectively (Table 1, 
Figure 1). Thus, this data set appears to provide information that 
indicates that the ICM cells are susceptib le to X-irradiation.
Morphometric measurements were taken in an effort to 
evaluate whether or not radiation treatments had an adverse effect 
on the two major cell types of the blastocyst stage murine embryo. 
There was no association between the observed mean two- 
d imensional embryonic outgrowth surface areas and the level of X- 
irradiation that was applied to the treatment embryos (P > .05).
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The fo llow ing mean two-d im ensiona l trophoblastic  outgrowth 
surface areas were observed after 120 h of culture: 30005 ±. 2712.1 
Urn2 (TO), 32533.4 ±  2646.9 pm 2 (T500), 28552.2 ±  2255.2 pm 2 
(T600), 27205.3 ±. 2617.3 pm 2 (T700), 29177.7 ±  2391.2 pirn2 (T800), 
26345.4 ±  2209.7 pm 2 (T900) and 28675.1 ±  1914.1 pm 2 (T1000) (P 
> .05). These data provide additional support to the belief that the 
X-irradiation levels that were tested had no deleterious effects on 
the TE cells of the treated embryos (Table 2, Figure 2).
In contrast, X-irradiation of the murine b lastocyst was found 
to be deleterious to ICM cells. There was an apparent association 
between the mean two-dimensional ICM surface areas, 1912.1 ±
247.2 pm 2 (TO), 1302.0 ±  192.9 pm 2 (T500), 1003.3 ±  199.4 pm 2' 
(T600), 891.6 ±  165.4 pm 2 (T700), 845.7 ±  122.2 pm 2 (T800), 886.7 
±  146.4 pm 2 (T900) and 998.5 ±  136.7 pm 2 (T1000) (Table 2. Figure 
3) observed and the dosage level of X-irradiation (P < ,01). This data 
provides evidence which appears to indicate that the ICM cells of the 
d 3.5 murine embryo are vulnerable to the effects of ionizing 
ra d ia t io n ,
A comparison of the mean ratio values that were obtained for 
each of the different radiation levels studied also appears to provide 
in formation which indicates that X-irradiation is indeed detrim enta l 
to the ICM cells of the d 3,5 mouse embryo. A relationship exists 
between the mean ratio values observed, 0.065 ±. 0.008 (TO), 0.041 ±. 
0.007 (T500), 0.035 ±  0.09 (T600), 0.034 ±  0.007 (T700), 0.029 ±  
0.004 (T800),0.031 ±. 0.005 (T900) and 0.035 ±  0.006 (T1000) (Table 
2, Figure 4), and the dosage level of radiation administered to the 
experimental units (P < .01) . This data indicates the ICM cells of






0C 30005.0 ±  2712.1d 1912.1 ±  247.2® 0.065 ±  0.0089
500 32533.4 ±  2646.9d 1302.0 ±  192.9* 0.041 ±  0.007*1
600 28552.2 ±  2255.2d 1003.3 ±  199.4* 0.035 ±  0.009h
700 27205.3 + 2617.3d 891.6 + 165.4* 0.034 ±  0.007*1
800 29177.7 ±  2391.2d 845.7 ±  122.2* 0.029 ±  0.004*1
900 26345.4 ±  2209.7d 886.7 ±  146.4* 0.031 ±  0.005*1
1000 28675.1 ±  1914.1d 998.5 ±  136.7* 0.035 ±  0.006*1
a 2Numerical values in each column represent mean surface area (pm ) ±  SE.
bICM surface area / trophoblastic outgrowth surface area.
cOne-way analysis of variance failed to detect differences among the 12 different control means that were observed for each of
the following developmental endpoints: outgrowth surface areas, ICM surface areas and ICM area / outgrowth surface area
rat ios.
Means in column with identical superscripts do not differ, (P > .05).
0 f’ Means in column with different superscripts differ, (P< .01).
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FIGURE 2. Effect of X-irradiation on outgrowth surface area.
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FIGURE 3. Effect of X-irradiation on ICM surface area. 
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FIGURE 4. Effect of X-irradiation on ICM area / 
outgrowth area ratio.
3 b Means with different superscripts differ, (P < .01).
56
the d 3.5 mouse embryo are indeed vulnerable to the effects X- 
irradiation, at least as far as the levels studied in this investigation 
are concerned.
DISCUSSION
The rationale for recording the percent hatching rates, the 
percent trophoblastic outgrowth rates and the mean two- 
d im ensional trophoblastic  outgrowth surface areas was to collect 
data which would reveal to what extent, if any, the TE cells were 
radio-sensitive. TE cells that were unviable would not be able to 
participate in in vitro developmental events such as hatching and 
trophob las tic  outgrow th form ation.
After irradiation at the blastocyst stage, the percent hatching 
rates were relatively unimpaired (Table 1, Figure 1). This indicates 
the TE cells of the expanded murine blastocyst were radio-resistant, 
at least as far as the dosage levels that were administered herein 
are concerned. Before a mouse embryo can hatch it must first begin 
to secrete strypsin, a trypsin-like enzyme which d igests that area 
of the ZP which lies over the mural trophectoderm cells at the 
abembryonic pole of the embryo (Hogan et al., 1986a). Afterwards, 
the TE cells of the embryo must engage in undulating, contractions 
before the embryo can successfully escape from the ZP (Rugh, 1968). 
Neither of these two activities which are associated with hatching 
activities would be possible if the TE cells had been killed by the 
rad ia tion  trea tm ents .
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Additionally, it would not have been possible for the hatched 
blastocysts to have exhibited the high percent outgrowth formation 
rates that were exhib ited throughout the duration of this study 
(Table 1, Figure 1) if the TE cells had met a radiation-induced 
demise prior to the onset of hatching. In order for embryonic 
oytgrowth to occur the TE cells of the hatched embryo must first be 
able to attach to the floor of the plastic petri dish in which it 
resides. Next, these TE cells must then be able to migrate out 
across the bottom of the petri dish, resulting in the flattening of the 
hatched b lastocyst and its transformation into an embryonic 
outgrowth (Chapter I; Rizzino and Sherman, 1979). Such activities 
would not have been possible if the TE cells of the treated embryos 
had been killed by the radiation treatments.
A third set of data supports the conclusion that the TE cells 
are radio-resistant. Examination of the embryonic outgrowth data 
reveals that there were no apparent differences between the mean 
two-d im ensiona l trophoblastic  outgrowth areas that deve loped from 
either control or irradiated embryos (Table 2, Figure 2), This 
particular set of morphometric data indicates that the total number 
of trophoblastic  cells are essentia lly the same for outgrowths that 
developed from both control and irradiated embryos.
Based on the three data sets just discussed it seems 
reasonable to conclude that the TE cells of the d 3.5 mouse embryo 
are radio-resistant, at least as far as the levels of X-irradiation 
that were tested are concerned.
No morphological d ifferences or alterations in growth 
characteristics of TE cells were observed in any of the groups
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evaluated. Therefore differences in the mean two-dimensional 
surface areas of outgrowths that developed from either control 
embryos or embryos that were subjected to X-irradiation were 
assumed to have been indicative of a difference in the total number 
of TE cells in any given set of outgrowths relative to the other sets 
they were compared to. This line of reasoning made it possible to 
determ ine whether or not X-irradiation had any lethal effects on the 
TE cells of the d 3.5 mouse embryo.
The motive for observing both the percent outgrowths with ICM 
data and the mean ICM two-dimensional surface area data was to 
collect information which would reveal whether or not the ICM cells 
were radio-sensitive. If the ICM cells were indeed susceptib le to 
the effects of ionizing then both the mean percentage of outgrowths 
which possessed a detectable ICM region and the mean ICM two- 
d imensional surface area would have been expected to differ 
s ignificantly from the mean values that were observed for 
outgrowths that developed from either control embryos or embryos 
which were subjected to d ifferent levels of X-irradiation.
All of the data reported here indicate that the ICM cells are 
much more susceptible to the X-irradiation than are the TE cells.
For example, logit analysis found that the percentage of 
trophoblastic outgrowths which were found to possess a distinct 
ICM region steadily decreased as the level of X-irradiation applied to 
the treatment embryos was increased (Table 1, Figure 1).
It was observed that the mean ICM two-dimensional surface 
area value was adversely effected by X-ray treatments as well
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{Table 2, Figure 3). Such data indicates that the ICM cells are indeed 
vu lnerab le  to X-irradia tion.
Occasionally the ICM tends to be columnar in shape; it is 
almost never found as a monolayer the way the TE cells of the 
embryonic outgrowths typically are. Therefore, the two- 
dimensional ICM area measurements which were recorded on each 
embryonic outgrowth that was found to possess such a structure did 
not make it possible to directly quantitate the number of ICM cells.
However, it seems reasonable to conclude that any significant 
d ifference in the mean two-dimensional surface areas of ICMs that 
developed from either control or treated embryos was indicative of 
a reduction in the total number of ICM cells in any given set of 
outgrowths relative to the other sets they were compared to. This 
was due to the direct microscopic assessments made of each ICM 
prior to any morphometric measurements which revealed the ICM 
were consistently e ither disc-like or hemispherical in shape. Thus, 
any detectab le differences in the mean two-d im ensiona l surface 
area of the ICMs made it possible to determine if X-irradiation had 
any significant lethal effects on the ICM cells of d 3.5 mouse 
embryos.
The mean ratio values were recorded in an effort to ascertain 
whether or not the TE and ICM cells displayed a differential 
susceptib il ity  to X-irradiation. A d isproportiona lly  la rger decrease 
in the total numbers of either of these two cell types would be 
expected to result in treatment mean ratio values that were 
significantly different from the mean ratio values that were
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observed for outgrowths which developed from either control 
embryos or embryos subjected to other levels of X-irradiation.
For example, one could logically conclude that the ICM cells 
were more susceptib le to the effects of X-irradiation than were the 
TE cells if the mean ratio values for a set of outgrowths that 
developed from a set of control embryos was found to be 
significantly larger than the mean ratio values for a set of 
outgrowths that developed from a group of treated embryos. This 
would be due to a much larger decrease in the total number of ICM 
cells that developed from treated embryos relative to those found in 
outgrowths that developed from control embryos.
The two-d imensional surface area of the trophoblastic 
outgrowths developing from treated embryos would not differ from 
those of control embryos if the levels of radiation did not exert any
lethal effects on the TE cells. Thus, the two-dimensional area of
the ICM regions associated with outgrowths developing from treated 
embryos would be smaller than those from control embryos due to 
the presence of fewer ICM cells. Therefore, the mean ratio values 
for a set of outgrowths from control embryos would be significantly 
larger than those from treated embryos if lethal effects were 
manifested in TE cells and not the ICM cells.
Examination of the mean ratio values revealed that as the 
dosage level of X-irradiation was increased, the mean ratio values 
observed decreased. This most likely indicates the ICM cells were 
much less tolerant of ionizing radiation than were the TE cells. This 
decrease in mean ratio values across treatments is due to a
disproportionately larger death rate for the ICM cells than for the TE
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cells (Table 2, Figure 4). This appears to indicate that the X- 
irradiation has a differentia l effect upon these two cell types.
It is worth noting that consideration had also been given 
towards using polynucleotide fluorochromes to stain the nuclei of 
both the TE and ICM cells of all embryonic outgrowths from both 
treatment and control embryos. Fluorochromes have been 
successfully utilized to stain the nuclei of both the TE and ICM cells 
of intact d 3.5 mouse embryos (Handyside and Hunter, 1984). At 
first glance it would appear that this would have made it possible to 
accurately quantitate the average numbers of both the TE and ICM 
cells that existed in outgrowths from control embryos to the 
average numbers of either cell type in outgrowths that developed 
from treated embryos. Unfortunately, it would have been impossible 
to distinquish between the stained nuclei of the ICM cells from the 
stained nuclei of the TE cells which were found directly beneath the 
ICM region.
One possible way to have overcome this would have been to 
first remove the individual ICMs from atop the trophoblastic 
monolayers on which they were found. This could have been 
accomplished by the mechanical dislocation of these structures via 
the use of a Pastuer pipette (Robertson, 1987). It would next have 
been possible to separately stain both the trophoblastic outgrowth 
TE cells and the ICM cells in outgrowths that developed from either 
contro l or treatm ent embryos.
Unfortunately, damage to both the TE and ICM cells would have 
occurred during this process. Additionally, fragmentation of the ICM 
structure itself would also have occurred as well. In addition, it is
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often difficult to complete ly remove all of the ICM cells from atop 
the trophoblastic monolayers. These three factors would have made 
it impossible to accurate ly quantitate the total numbers of both cell 
types that comprised the embryonic outgrowths.
It was therefore decided that the optimum procedure available 
to evaluate the d ifferentia l effects, if any, of X-irradiation on the 
two major cell types of the blastocyst stage murine embryo would 
be by recording the six previously discussed measurements for each 
embryo involved in this investigation.
The precise cellu lar mechanisms which allows the TE cells of 
the blastocyst stage murine embryo to w ithstand radiation 
bombardment more effectively than the ICM cells presently remains 
a mystery. It may be at least partially explained by the two 
d ifferent growth patterns that these two cell types exhib it at the 
blastocyst stage of development (Chapter I). The ICM and polar TE 
cells are proliferating much more rapidly at this stage of 
development than are mural TE (Snow, 1976; Copp, 1978a). Thus 
these cells would exhibit a much shorter S phase of the cell cycle 
than the TE cells. Thus, it may be there is not adequate time for 
murine DNA repair enzymes, which are suspected of possessing 
considerable homology with the DNA repair enzyme coded for by the 
XRCC1 gene in humans (Thompson et al., 1990a; Thompson et a l.p 
1990b, Thompson, 1991), to complete the repair of extensive 
radiation-induced damage to the murine DNA prior to the next 
cellu lar division. Thus, the next generation of ICM cells may not 
possess the intact DNA sequences necessary if continued cell
viability and or the capacity for synchronous m itotic d iv is ions 
con tinue.
CHAPTER lit
THE EFFECTS OF THERMAL STRESS ON BOTH THE ICM AND TE CELLS OF
THE MOUSE BLASTOCYSTS
INTRODUCTION
It has been shown that thermal stress is positively correlated 
with both infertility and presumed em bryonic mortality in both 
cattle (Thatcher and Roman-Ponce, 1980) and sheep (Chapman,
1980). Thermally stressed animals in each study displayed above 
average rectal temperatures. Such conditions would equate to 
elevated temperatures in both the oviductal and uterine 
m ic ro e n v iro n m e n ts .
Monty and Racowsky (1987) provided evidence which showed 
that thermal stress was directly associa ted with mortality of 
blastocyst stage bovine embryos. This study revealed that d 6 to d 8 
cattle embryos that were recovered from thermally  stressed (hot 
season) females d isplayed s ignificantly  less viability  duiring 
subsequent in v itro culture than did morphologically identical 
embryos which were recovered from unstressed (cool season) 
fem a les .
As has been previously illustrated, the ICM cells of blastocyst 
stage embryos display varying degrees of sensitiv ity to several 
different insults. Therefore, it seems logical to surmise that, under 
certa in conditions, thermal-induced em bryon ic mortality could be 
explained by the exclusive death of the ICM cells.
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The primary objective of experiment II was to determ ine if the 
two major cell types which comprise the b lastocyst stage mouse 
em bryo exh ib it d iffe ren tia l sensitiv ity to various levels of thermal 
stress. A secondary objective of was to identify those levels of 
thermal stress to which the ICM exhibits the most sensitiv ity.
EXPERIMENT II 
MATERIALS AND METHODS
The procedures for animal maintenance, embryo recovery and 
embryo selection employed during this phase of the investigation 
were identical to those used during the X-irradiation study.
Thermal stress procedures
After washing, embryos were randomly assigned to one of two 
60 mm petri dishes {Baxter Scientific Products, McGaw Park, IL). In 
each replication approximate ly one-half of the embryos were 
assigned to a control petri dish, labelled TO. The remaining 
contingent of embryos were then assigned to another 60 mm petri 
dish which was labelled with one of the following designations: T30, 
T45, T60 or T75. Each of the treatment petri dishes contained 5 ml 
of MEM, modified as per the specifications indicated in the post­
implantation embryo culture section of experiment I.
Embryos in petri d ishes that were labelled TO were control 
embryos. They were immediately placed in an incubator which has 
an internal temperature of 37° C and an atmosphere of 5% CO2 and 
air. Embryos in treatment petri dishes (labelled T30, T45, T60 or
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T75) were subjected to a continuous thermal insult of 43° C for the 
duration of one of the following time intervals: 30 min (T30), 45 min 
(T45), 60 min (T60) or 75 min (T75). However, all treatment 
embryos were cultured at a temperature of 37° C in an atmosphere 
of 5% CO2 and air for 60 min before they were subjected to one of 
the previously specified 'evels of thermal stress.
Thermal insults were adm in istered to all treatm ent embryos 
by transferring the petri dish in which they were contained to an 
incubator which had an internal temperature of 43° C and an
atmosphere of 5% CO2 and air. At the completion of the specified
time interval the petri dish containing the treatm ent embryos was 
returned to the incubator containing the TO embryos. Both sets of 
embryos were then cultured for an additional 120 h.
Cellu lar eva luation procedures
The cellu lar evaluation procedures that were performed during 
this portion of the investigation were identical to those used during 
the X-irradiation study (Chapter II). The data recorded was used to 
ascertain whether or not the TE and ICM cells displayed any 
susceptibility to thermal stress. It was also used to assess any
possible differentia l effects of thermal stress on either of these
two cell types.
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Stat is t ica l  methods
The analytical methods that were utilized during this portion 
of the investigation were identical to those utilized during the X- 
irradiation study {Chapter II).
RESULTS
A total of eight separate control means were generated during 
this phase of the investigation (two each for the TO, T30, T45, T60 
and T75 data sets). Chi-square procedures failed to detect any 
appreciable differences among these means. Therefore, a single 
control mean for each developmental endpoint was calculated by 
pooling all of the control data generated for each of the three 
following developmental endpoints: percentage of embryos hatching, 
percent forming outgrowths and percentage of outgrowths with an 
ICM.
The percent hatching control mean was compared to the T30, 
T45, T60 and T75 treatment means. The percentage of outgrowths 
and percent outgrowths with an ICM control means were compared 
only to the appropropriate treatment means from the T30 and T45 
data sets. This was due the fact that none of the treatment embryos 
from either the T60 or T75 groups underwent hatching (Table 3, 
Figure 5). Apparently, these levels of thermal stress were more 
than the TE cells could withstand. Thus, none of the treatment 
embryos from those groups underwent hatching. Since no hatching 
took place no embryonic outgrowth formations occurred.







% Hatching0 89.4d 86 .9d 81 5d 0 .00e o.oo8
(143/160) (60/69) (53/65) (0/55) (0/39)
% Trophoblastic
outgrowths1 88.19 83.39 81.19 - -
(126/143) (50/60) (43/53)
% Outgrowths
with ICMh 85.7' 90.91 76.7' - -
M 08/126) (45/50) _____ Z33/43)
aNumbers in parentheses indicate the total number of embryos reaching a specific stage of development / the total number of 
embryos that were eligible to do so.
bChi-square failed to detect differences among the eight different control mean values that were observed for each of the
following developmental endoints: percent embryos hatching, percent forming outgrowths and percent outgrowths with 
ICMs.
cPercent embryos hatching defined as the total number of embryos hatching / total number of embryos treated X 100.
(j g
' Means in row with different superscripts differ, {P < .001).
fPercent embryos forming outgrowlhs defined as total number of embryos forming outgrowths / total number of embryos 
hatching X 100.
9Means in row with identical superscripts do not difler, (P > .05).
hPercent outgrowths with ICMs defined as total number of outgrowths with ICM / region total number of outgrowths X 100.
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Figure 5. Effect of thermal stress on subsequent 
blastocyst development.
3 fc) Means with different superscripts differ. {P < .001).
No data at 60 and 75 min since 0.00% hatching occurred.
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Similarly, a total of eight individual control means were also 
generated as well for each of the following developm enta l endpoints: 
two-d im ensiona l outgrowth surface areas, tw o-d im ensiona l ICM 
surface areas and mean ratio values (two each for the T30, T45, T60 
and T75 data sets). One-way analysis of variance procedures did not 
reveal the presence of any significant differences among the eight 
control means that were generated for each endpoint. Therefore, a 
single control mean was generated for each of the three previously 
mentioned developmental endpoints by pooling all of the control 
data. The control mean for each developmental endpoint was later 
compared to only the T30 and T45 treatment means that were 
generated for that endpoint.
No comparisons were made between the control mean for a 
specific developmental endpoint and the T60 and T75 means for that 
endpoint since none existed (Table 3, Figure 5). Thus, no 
trophoblastic outgrowth data was generated for the T60 and T75 
trea tm ent groups.
Thermal stress was observed to have detrimenta l effects on 
the ability of embryos to successfully undergo hatching. Logistical 
regression analysis procedures detected a defin ite association 
between percent hatching rates and levels of thermal stress 
(P < .001). A total overall hatching rate of 85.7% (252/294) was 
observed during experiment II. The individual observed hatching 
rates were 89.4% (143/160), 86.9%, (60/69), 81.5% (53/65), 0.00% 
(0/55) and 0.00% (0/39) for TO, T30, T45, T60 and T75, respectively 
(Table 3, Figure 5). These data indicate the TE cells of the mouse
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blastocyst are capable of tolerating thermal stress of 43° C for a 
time period of at least 45 min but not longer than 60 min.
Conversely, thermal stress was not found to adverse ly effect 
the ability of those treated embryos that did hatch to successfully 
develop into trophoblastic outgrowths. Logit analysis did not detect 
any relationship between the percentage of hatched embryos that 
went on to form trophoblastic  outgrowths and thermal stress levels 
(P > .05). The individual observed trophoblastic outgrowth 
development rates were 88.1% (126/143), 83.3% (50/60) and 82.0% 
(40/49) for TO, T30 and T45, respectively. (Table 3, Figure 5). The 
levels of thermal stress studied in experiment II had no significant 
negative impact on the ability of treated embryos which hatched to 
proceed with em bryon ic  outgrowth activ ities.
The observed rates for percent outgrowths with some 
detectable ICM at each level of thermal stress were 85.7%
(108/126) for TO. 90.0% (45./50) for T30 and 76.7% (33/43) for T45 
(Table 3, Figure 5).
From morphometric measurements, it appeared there was no 
detectab le association between the observed mean two-d im ensional 
trophoblastic outgrowth areas and the dosage level of thermal 
stress that was applied to treated blastocyst (P > .05). The mean 
two-d im ensiona l em bryon ic outgrowth surface areas that were 
recorded after 120 h of culture were 23563 ±_ 2191 pm 2 (TO), 20032 
±. 1411 p m 2 (T30) and 21762 ±  2271 pm 2 (T45) (Table 4, Figure 6). 
The TE cells were apparently unaffected by the dosage levels of 
thermal stress that were studied in experiment II.








surface area 23563 i  2191° 20032 ±  1411c 21762 ±  2271c - -
ICM
surface area 1928 + 388d 843 ±  168e 1159 ±  196e - -
Ratiof 0.075 ±  0.0099 0.045 ±  0.007h 0.048 ± 0.008h - -
a 2Numerical values in each row represent mean surface area (pm } ±  SE.
bOne-way analysis of variance failed 10 detect differences among the eight different control means that were observed for each 
of the following developmental endpoints: outgrowth surface areas, ICM surface areas and ICM surface area / outgrowth 
surface area ratios.
cMeans in row with identical superscripts do not differ, (P >.05). 
d e’ Means in row with different superscripts differ, {P < .05). 
fRatio = ICM surface area / trophoblastic outgrowth area.
^ ’bMeans in row with different superscripts differ, (P < .05).
73
30000 n




■: ^  ■:
' ■'













■ III'V:1'!:. ■ ■:
■■ V 1,
m g § fv-. ■
ii-:"
y iyyyy jy ::,
0 3 0  45
TREATMENT TIME (MIN)
Figure 6. Effect of thermal stress (43° C) on outgrowth
surface area.
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In contrast, it appears that the ICM cells of the murine 
blastocyst were less tolerant of thermal stress than were the TE 
cells. The data collected points to a very definite association 
between mean ICM two-dimensional surface area values and dosage 
levels of thermal stress (P < .05). The observed mean ICM surface 
area values recorded after 120 h of post-treatment culture were 
1928 ±  388 pm 2 (TO), 843 ±. 168 pm 2 (T30) and 1159 ±  196 pm2 
(T45) (Table 4, Figure 7). These data indicate an apparent thermal 
intolerance of the murine ICM cells. The mean ratio values obtained 
for each level of thermal stress that were studied were 0.075 ±_ 
0.009 pm 2 (TO), 0.045 ±  0.007 pm 2 (T30) and 0.048 ±  0.008 pm2 
(T45) (Table 4, Figure 8). There was a strong association between 
the numerical value of the ratios and the levels of thermal stress 
studied (P < .05). These data indicate a thermal intolerance on the 
part of the ICM cells. There is a disproportionately larger decrease 
across treatments in the average value of the two dimensional 
surface areas of the ICMs as opposed to the outgrowths as the level 
of thermal stress increased.
DISCUSSION
Examination of the percent hatching rate reveals prolonged 
exposure to a thermal insult of 43° C will result in the total 
inability of murine blastocysts to successfully escape the zona 
pellucida. As can be seen by examination of the dose-response curve 
for thermal stress (Figure 5) excessive heat had no apparent adverse 
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Figure 7. Effect of thermal stress (43° C) on ICM surface 
area,
a,b Means with different superscripts differ, (P < .05).
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Figure 8. Effect of thermal stress (43 °C) on ICM area / outgrowth 
area ratio.
a b Means with different superscripts differ, (P < .05).
77
stress does not exceed 45 min. Exposure in excess of that time 
period was lethal to all embryos as was evidenced by the total 
inability of any embryos to hatch after either 60 or 75 min of 
stress. Thus, these data indicate that the TE cells possess the 
molecular machinery necessary to cope with conditions of 
abnormally high temperatures, at least for a lim ited period of time.
Perhaps the stress-inducible HSP70 and HSP89 proteins, which 
have been shown to enable murine cells to successfully cope with 
various stresses (Kelly and Schlesinger, 1982) become non­
functional after murine embryo cells have been subjected to at least 
45 min of a thermal insult. This hypothesis would appear to have 
some validity since none of the T60 or T75 embryos survived their 
respective thermal stress treatments.
The ability or inability to hatch was considered to be an 
indicator of TE cell viability for two reasons. First, the mural TE 
cells must secrete the zona-dissolving enzyme strypsin before 
hatching can occur (Hogan et a l.t 1986a). Additionally, the TE cells 
of the hatching embryo must engage in the rhythmic contractions 
which are necessary for successful hatching to occur (Rugh, 1968). 
Only viable cells would be expected to engage in these two 
a c t iv i t ie s .
Additional information which indicates that the TE cells of the 
blastocyst stage mouse embryo have some capacity to successfully 
to lerate some levels of thermal insults is obvious after examination 
of the percent trophoblastic outgrowth formation rates for both 
treated and control embryos (Table 3, Figure 5). These data indicate 
that s ignificant differences were not observed in the relative
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abilities of TO, T30 and T45 embryos to undergo successful 
transfo rm ation  into em bryon ic  outgrowths.
Before any hatched embryo can develop into a trophoblastic 
outgrowth its TE cells must first attach themselves to the bottom 
of the culture dish in which they are located. Afterwards, they must 
proceed to migrate across the surface of the petri dish if they are to 
continue to develop into a viable embryonic outgrowth. {Rizzino and 
Sherman, 1979). Obviously, such activities could not be carried out 
by nonviable TE cells.
Examination of the tw o-d im ensiona l trophob lastic  outgrowth 
surface area data (Table 4, Figure 6) provides additional information 
which indicates that the TE ceils of the mouse embryo do indeed 
possess a limited capacity to successfully endure thermal stress. 
The average two-dimensional surface areas for outgrowths that 
developed from TO embryos was not greater than the average two- 
dimensional surface areas for embryonic outgrowths that developed 
from either T30 or T45 embryos. Thus, the total number of viable TE 
cells in the embryonic outgrowths developing from either T30 or 
T45 embryos was essential equal to the total number that was found 
in the control outgrowths. It is doubtful that these same results 
would have occurred if the TE cells did not have at least a limited 
capacity to cope with thermal stress. Based on the data presented 
here the TE cells of the murine blastocyst are resistant to a thermal 
insult of 43° C, provided it does not exceed a duration of 45 min.
It was discovered that both T30 and T45 embryos were just as 
capable of producing embryonic outgrowths which possessed a 
distinct ICM region as were TO embryos (Table 3, Figure 5). This
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might initially lead one to surmise that the ICM cells of the murine 
blastocyst also possessed the ability to successfu lly  tolerated 
thermal stress, at least as far as the levels studied in this 
investigation are concerned. However, further examination of the 
mean ICM two-dimensional surface area revealed that the ICM cells 
were indeed less tolerant of thermal stress than were the TE cells. 
Thus, even though there were no significant differences observed 
with respect to percent of outgrowths with a detectable ICM region, 
the ICM regions of those same outgrowths possessed fewer cells 
{surface area) than did controls, thus indicating that the ICM cells 
were indeed susceptible to thermal stress.
Finally, examination of the mean ratio values for outgrowths 
from both T30 and T45 embryos were significantly smaller than the 
mean ratio observed for the outgrowths from TO embryos. This 
decrease in mean ratio values across treatments may be due to a 
disproportionately larger death rate of the ICM cells relative to the 
TE cells (Table 4, Figure 8). This would tend to suggest that thermal 
stress has a differential effect on the two major cell types of the d 
3.5 embryo.
The precise cellular mechanisms which enable the TE cells of 
the T30 and T45 embryos to successfully tolerate thermal stress is
not presently known. However, it seems plausible to hypothesize
that perhaps the TE cells of the d 3.5 murine embryo might be able to
synthesize a greater number of the stress-inducible HSP70 and
HSP89 mouse heat shock proteins (Kelley and Schlesinger, 1982) 
than do the ICM cells.
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It has been proposed that the aforementioned heat shock 
proteins afford the cells a degree of protection from the effects of 
various stresses. The HSP70 molecules are apparently associated 
with repair processes that are carried out in stressed cells. They 
are thought to bind to denatured, aggregated proteins within the cell 
and perhaps enagage in molecular activities that will enable these 
damaged proteins to regain the normal molecular conformations they 
exhibited before the advent of a stressful stimulus (Pelham,1989). 
Perhaps the ICM cells exhibit a greater degree of susceptibility to 
thermal stress than do the TE cells because they are incapable of 
synthesizing as many copies of the HSP70 proteins as are the TE 
c e l ls .
CHAPTER IV
NEW METHODOLOGIES FOR THE CONTSRUCTION OF 
INTRACHIMERIC MURINE EMBRYOS
INTRODUCTION
The present microsurgical methods of constructing 
intrachimeric mouse embryos which involve the injection of an ICM 
directly  into the b lastocoelic cavity of a genetica lly  d is tinct 
recipient embryo are in need of simplification. The previously cited 
methods which were developed and perfected by Gardner and Johnson 
(1972), Papaioannou (1981, 1982) and Loskutoff and Kraemer (1991) 
can indeed be used with varying degrees of success. Unfortunately 
however, these highly technical procedures are exceedingly d ifficu lt 
to master, require a considerable degree of patience, training and 
expertise before they can be routinely utilized, and the results are 
often highly variable. Therefore, the highly informative research 
tool of blastocyst reconstruction is usually not within the reach of 
most deve lopm enta l biologists.
A major problem with each of the previously cited methods is 
that they all require the use of five microsurgical instruments. In 
addition, the techniques of Gardner and Johnson (1972) also require 
the transfer of genetically distinct ICMs into trophoblastic  vesic les 
that are usually no more than 50 p.m in diameter. Usually it is 
exceedingly difficult to transfer a single ICM into small vesicles.
Converesly, it is technically more feasible to in ject a 
genetically distinct ICM into the blastocoelic cavity of a d 3.5
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expanded mouse blastocyst which has not been previously subjected 
to any type of micromanipulation. This can be accomplished by 
util iz ing the s im plif ied  b lastocyst in jection techn ique  firs t 
perfected by Babinet (1980). He used such techniques to construct 
ch im eric b lastocysts which resulted in the birth of ch im eric mouse 
pups.
Only two microsurgical instruments, a holding pipette and an 
injection pipette, each of which is controlled by its own 
m icromanipulator unit, are necessary to be able to successfully 
transfer a foreign ICM into the blastocoelic cavity of a genetically 
distinct mouse embryo. This two microtool approach is much easier 
to master than any of the three previously cited technqiues.
At the present time, the two microtool approach is very 
effective only when one is interested in the construction of 
ch im eric b lastocyst which will result in the birth of ch im eric  
murine offspring. However, it may also be possib le to produce 
nonch im eric  offspring from in trachim eric  b lastocysts wh ich were 
constructed by utilizing the methods of Babinet (1980) as well. 
Before this would be possible it would first be necessary to subject 
the recipient embryos to a treatment which would select against the 
ICM cells and leave the TE cells relatively unharmed.
Two such possible treatments which could be utilized are X- 
irradiation and thermal stress. Experiment III was therefore 
designed to to determine whether or not the simplified 
microsurgical procedures of Babinet (1980) could be used in concert 
with e ither thermal stress or X-irradiation. The objective of this 
experiment was to devise a simplified technique for the production
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of nonchimeric offspring from chimeric blastocysts. Such an 
achievement would make it possible for a larger number of 
individuals in the scientif ic  com m unity  to utilize the very powerful 
research tool of blastocyst injection, which is most com m only used 
in cell lineage studies. In addition, if successful, this approach 





Albino ICR strain mice (Harlan Sprague Dawley, Indianapolis, 
IN) were used as a source of recipient blastocysts for ICM injection 
procedures. The CBA/J males (The Jackson Laboratory, Bar Harbor, 
ME) were used in conjunction with C57BL/6J females (The Jackson 
Laboratory, Bar Harbor, ME) to produce the Fi embryos that were 
used as a source of donor ICMs. All animals were maintained on a 
year-round light / dark cycle of 14 / 10 (lights on 0500). This 
ensured a regular supply of both ICR recipient embryos and Fi ICM 
donor embryos on a year round basis. Rodent Laboratory Chow #5001 
(Purina Mills, Inc., St. Louis, MO) was provided to all animals on an 
ad lib itum  basis. Room temperature was maintained at 
approx im ate ly  21-25° C throughout the year.
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Anim al breeding
All ICR and Fi embryos were recovered from randomly bred 
adult females. All females that were used as embryo donors where 
kept in a separate male-free room until mating procedures were 
initiated. A single adult female ICR or C57BL/6J mouse was then 
transferred to a breeding cage that housed individual stud males.
The ICR females were bred only to males of the same strain (white). 
The C57BL/6J females were bred only to CBA/J males (agouti).
Females were checked for plugs on a da.ly basis, usually 
between 800 and 1100. Mated females were removed from the 
breeding cages and immediately transferred to a holding cage that 
was in a male-free room where they remained until the time of 
e xp e r im e n ta t io n .
Embryo recovery
Blastocyst stage embryos were recovered from the uteri of 
females who were euthanised by cervical dislocation procedures.
All embryo recoveries took place of d 3 (d 0 = breeding plug) by the 
methods detailed by Robertson (1987). Each excised reproductive 
tract was irrigated with Eagle's MEM that was buffered to a pH of 
7.4 (range -  7.35 to 7.45) with 5mM Hepes buffering agent (Gibco 
Laboratories, Grand Isle, NY). This flushing medium was also 
supplemented with 0.3% bovine serum albumin (Sigma Chemical Co., 
St. Louis, MO), 10mM glutamine (Gibco Laboratories, Grand Isle, NY), 
100,000 U/l of penicillin (Gibco Laboratories, Grand Isle, NY) and 50 
mg/l of streptomycin (Gibco Laboratories, Grand Isle, NY).
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Embrvo selection
The criteria that were used to select ICR blastocysts for use 
as ICM recipients was the same as those previously specified in 
experiments I and II. The standards that were used to select CBA/J 
X C57BL/6J Fi ICM embryos for use as ICM donors were not as rigid 
s ince the ovulation rates of the adult C57BL/6J females were not as 
high as those of the ICR strain.
ICM isolation
The procedure used was essentially that developed Solter and 
Knowles (1975). However, the ZP were removed from the embryos 
that were to be treated with a solution of acidified Tyrode 's (Pratt, 
1987). After zona removal, the ICM donor embryos were washed 3x 
in fresh embryo recovery medium.
All denuded embryos were then individually placed in drops of 
untitered heat-treated rabbit an ti-m ouse antiserum. This antiserum 
had been diluted 1:8 so as to assure the presence of an adequate 
amount of the rabbit generated murine antibodies. Donor embryos 
were incubated for 1 h and then washed in fresh Hepes-buffered MEM 
embryo recovery medium so as to remove any unbound antibodies.
The washed embryos were then placed in individual drops of 
normal guinea-pig serum (Sigma Chemical Co., St. Louis, MO) that had 
also been diluted 1 :8 with Hepes-buffered MEM embryo recovery 
medium. All Fi ICM donor embryos were cultured for approximately 
1 h to assure lysis of the TE cells. The ICM cells, which had no 
antibodies attached to their exterior surfaces, were not affected by 
this lysis procedure.
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X -ir ra d ia t io n  t re a tm e n t
The ICR strain recipient embryos which were chosen to 
undergo radiation treatments were transferred to a s ilicone-coated 
(Sigmacote, Sigma Chemical Co., St. Louis, MO) 1.25pl capacity 
po lypropylene microcentrifuge tube (Screw-Cap Micro Tube, Sastedt, 
Inc., Newton, NC). Each microcentrifuge tube contained 1pl of 
Hepes-buffered MEM. The embryos were then immediately
transported to the treatment room of an X-ray facility where they
were subjected to a total dosage of 900 rads. The radiation was 
applied to the embryos at a rate of 100 rads / min. Prior to the 
start of each treatment the radiation output was calibrated with LiF 
d o s im e te rs .
The m icrocentrifuge tubes contain ing the irradiated embryos 
were immediately placed in an incubator at 37° C and an atmosphere 
of 5% CO 2 and 95% air. They remained in culture for 1 to 2 h. At the 
end of this time period they were used as ICM recipient embryos 
during b lastocyst injection procedures.
Thermal stress treatment
The ICR embryos which were chosen to undergo thermal stress 
treamtments were placed inside of a 60 mm plastic petri dish 
(Baxter Scientific Products, McGaw Park, IL) that contained 5 ml of 
Hepes-buffered MEM. The petri dish that contained these embryos
was then transferred to an incubator that had an internal
temperature of 37° C and an atmosphere of 5% CO2 and air where 
they remained for a period of 1 h. At the end of this period, the petri 
dish that contained these embryos was then transferred to an
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incubator that had an internal temperature of 43° C and an 
atmosphere of 5% CO2 and 95% air where they remained for period of 
45 min. At the completion of this period, these embryos were 
removed from the 43° C incubator and returned to the 37° C 
incubator. There they remained until they were used as ICM 
recipient embryos during blastocyst injection procedures. This 
usually occurred approximately 1 to 2 h after the completion of the 
therm al s tress treatm ents.
Blastocyst injection
The procedure used was based on that reported by 
Babinet (1980). Injections were performed at room temperature in 
drops of Hepes-buffered MEM flushing medium. A number of drops 
were placed in a 100 mm petri dish (Baxter Scientific Products, 
McGaw Park, IL). The drops were covered with a layer of paraffin oil 
(Fisher Scientific, Fair Lawn, NJ) to stabilize the drops. One 
immunosurgically isolated ICM and one recipient blastocyst, which 
had previously been subjected to either 900 rads of X-irradiation or 
45 min of thermal stress, were placed in each drop.
An embryo holding pipette (i.d. 15pm, o.d. BOMm), which had 
been fashioned from glass capillary tubes (i d. 0.75 pm, o.d. 1.0 pm) 
(Drummond Scientific Co., Broomall, PA) was used to stabilize the 
recipient blastocyst. This was accomplished by applying gentle 
suction to the polar TE region of the treated blastocyst. This 
holding pipette was controlled by a Leitz m icrom anipu la tor unit.
The suction was created by use of a 250 pi capacity Gastight® 
microsyringe (Hamilton Co., Reno, NV). Flexible Tygon microbore
88
tubing (formulation 5-54-H6) {i.d. 0.04 in, o.d. 0.07 in) was used to 
connect the 250 pi microsyringe to the holding pipette. The holding 
pipette, the microbore tubing and the m icrosyringe were all 
filled with dimethylpolysiloxane (Sigma Chemical Co., St. Louis, MO). 
Considerable care was taken to see that no air bubbles were within 
this hydrolic system since their presence makes it d iff icu lt to have 
a precise degree of control when applying suction to the recipient 
embryos.
Immediately thereafter an ICM injection p ipette (i.d. 22-25 
pm), which had a bevelled tip of approximately 30° was then 
manuevered into position so that the isolated ICM could be gently 
aspirated into the injection pippette. Once this was accomplished, 
the bevelled tip of the injection pipette was used to pierce the 
mural TE region of the immobilized recipient blastocyst. The ICM 
within the bore of the injection pipette was then gently expelled 
into the blastocoelic cavity of the recipient embryo. The injected 
ICM was usually deposited as close as possible to the ICM of the 
recipient blastocyst. This was done so as to maximize the chances 
that the injected ICM would colonize the ICM region of the recipient 
embryo.
A second Leitz m icromanipulator unit was also used to control 
the movements of the ICM injection pipette. The hydrolic system for 
this component of the micromanipulation set-up was provided by 
both the use of Tygon microbore tubing, which was identical to that 
used for the embryo holding pipette system, and a 100 pi Gastight 
microsyringe (Hamilton Co., Reno, NV). Unlike the hydrolic system 
for embryo holding pipette, the system for the injection pipette was
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filled only with air. Only the internal bore of the 100 pi 
m icrosyringe was filled with the d im ethy lpo lys iloxane.
After the ICM injections were completed the 100 mm petri 
dish that contained the ICM-injected embryos was then placed inside 
of an incubator which had an internal temperature of 37° C and an 
atmosphere of 5% CO 2 and air. They were then allowed to culture for 
2 to 4 h. This was done so that the injected blastocysts could re- 
expand. At the end of this time period those blastocysts which had 
re-expanded were transferred to the uterine horns of adult d 2,5 
pseudopregnant female mice.
Sham ICM injections of d 3.5 blastocysts were also performed. 
All sham-in jected embryos which successfully  re-expanded were 
also transferred to d 2.5 pseudopregnant adult females. This was 
done in an effort to determine whether or not the injection 
procedures themselves had any detrimental influence on post­
transfe r em bryon ic  survival rates.
Embryo transfer
Embryo transfer procedures were carried out as specified by 
both Hogan et al. (1986b) and Murphy and Hanson (1987). All re­
expanded blastocysts which were judged to have satisfactorily 
recovered from blastocyst injection procedures were surg ically 
transferred to ICR strain d 2.5 pseudopregnant recipients who had 
been previously anesthetized by a 2.5% solution of Avertin. A d 2.5 
pseudopregnant female is preferable since it will allow the 
manipulated embryo an ample amount of time to catch up 
de ve lo p m e n ta lly .
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Nonmanipulated d 3.5 ICR strain embryos were also transferred 
to d 2.5 pseudopregnant ICR strain recipient females. This was done 
in an effort to determine whether or not the embryo transfer 
procedure itself had any adverse effect on post-transfer embryonic 
surv iva l rates.
S ta tis t ica l m ethods
The chi-square test statistic (Johnson, 1980) w a s . utilized to 
determine whether or not the differences in the observed numbers of 
embryos which survived the various treatments and were 
subsequently  transferred to pseudopregnant recipients were 
significant. The three treatments that were studied were sham- 
injection, heat (defined as exposure of ICM recipient embryos to a 
thermal insult of 43° C for 45 min followed by ICM injection) or X- 
irradiation (defined as exposure of ICM recipient embryos to 900 
rads of X-irradiation at 100 rads/min fo llowed by ICM injection).
Likewise, the chi-square statistic was also used to determ ine 
whether or not the number of recipient females which whelped 
fo llow ing transfer of only untreated control embryos, sham -in jected 
embryos, heat-treated embryos or X-irradiated embryos was 
significantly different. Additionally, ch i-square was also used to 
determine whether or not the differences in the numbers of 
offspring born among these four different groups of recipients was 
s ig n if ic a n t ly  d if fe re n t.
RESULTS
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A total of 40 ICM-injected embryos subjected to 900 rads of 
X-irradiation were transferred to five recipient females. Three of 
these animals produced eight offspring {Table 5). Based on eye 
pigmentation, skin pigmentation and coat color, six of these animals 
were determined to be chimeric { > 80% overt towards F i . Using 
these same criteria the remaining two offspring in itia lly appearred 
to be nonchimeric {F-,; donor ICM). However, progeny testing of F! 
appearing offspring later revealed that they too were chimeric. Each 
of these females produced at least one albino mouse pup after they 
had previously been mated CBA/J stud males.
Thirty-two of 38 heat-treated blastocysts managed to undergo 
re-expansion. They were therefore transferred to a total of four ICR 
recipients. None of these recipient females were observed to carry 
offspring to term (Table 5). It would appear that the combined 
effects of both a thermal insult and m icromanipulation were solely 
responsible for the failure of such embryos to develop to term. 
Inadequate embryo transfer techniques can be ruled out since a total 
of 14 of 41 nonmanipulated ICR blastocysts transferred to a total of 
five recipients successfully developed to term (Table 5). Likewise, 
inadequacy of microinjection itself can also be ruled out as a 
possible reason for failure of the thermally treated recip ient 
embryos to develop to term. Seven sham-injected embryos out of 32 
that were transferred among four recipients were successfully 
carried to term (Table 5). This indicated that the process of 
b lastocyst injection itself was not solely to blame for the failure of
TABLE 5. ICM TRANSFER DATA FOR CONTROLS, SHAM-INJECTED, X-IRRADIATED OR THERMALLY 
______________ STRESSED d 3.5 BLASTOCYST STAGE M. musculus EMBRYOS________________
Number Number Number Number of
of embryos of embryos of embryos Number of recipients Number of
Cateporv treated injected transferred3 recipients whelDino offsDrina
Controls13 0 0 41 5 3 (60%)9 14 (43%)'
Sham-injectedc 0 39 32 (82%)f 4 2 (50%)9 7 (22%y
Heat-treatedd 38 38 32 (84%}f 4 0 (0%)9 0 (0%)k
X-irradiatede 46 46 40 (87%)' 5 3 (60%)9 8h (20%}i
aOnly re-expanded ICM recipient embryos were transferred to pseudopregnant females.
bControt blastocysts were not subjected to ICM injection procedures.
cBlastocysts were not subjected to either thermal stress or X-irradiation prior to sham-injecton.
dBlastocysts were subjected to 45 min of thermal stress (43° C) 1 to 2 h prior to ICM injection.
eBlastocysts were subjected to 900 rads of X-irradiation 1 to 2 h prior to ICM injection.
W a n s  in column with identical superscripts do not differ, {P > .05).
9Means in column with identical superscripts do not differ, (P > .05).
hBased on phenotype, six offspring were initially determined to be overt ( > 80% Fi) chimeras. The remaining two animals were 
originally thought to be nonchimeric (Fi) using the same criteria. However, progeny testing revealed that they were also 
chimeric.
'^Means in column with different superscripts do not differ, (P > .05).
i k' Means in column with different superscripts differ, (P < .005).
i L
M eans in column with different superscripts difler, (P < .01).
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the thermal stressed recipient b lastocysts to successfu lly  develop 
to term.
DISCUSSION
The objective of experiment III was to evaluate the feasibility 
of a new procedure for constructing in trachimeric murine 
blastocysts. This new method involved the m icrosurgical injection 
of a murine ICM into the blastocoelic cavity of a genetically distinct 
d 3.5 murine blastocyst which had first been subjected to either 900 
rads of X-irradiation or a thermal insult of 43° C for a total of 45 
min. The reason for subjecting the recipient b lastocysts to e ither of 
these two treatments was to attempt to selectively e lim inate the 
ICM cells of without causing appreciable damage to the TE cells. 
Hopefully, this would allow only the cells of the injected ICM to 
develop into a fetus. Thus, if this were to happen, nonchimeric 
murine offspring would result.
Experiment III showed that the injection of an ICM that was 
microsurgically isolated from a CBA/J X C57BL/6J F t embryo into an 
ICR blastocyst which had previously been subjected to e ither X- 
irradiation or thermal stress did not result in the birth of 
nonchimeric offspring. Only chimeric mouse pups were carried to 
te rm .
More specifically, it was found that live offspring could be 
produced by injection of an Fi ICM into an ICR recipient blastocyst 
which had previously been exposed to 900 rads of X-irradiation. A 
total of eight chimeric pups were carried to term out of a total of
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40 such embryos {Table 5). However of these offspring, all showed 
80 to 100% overt chimerism toward the injected Fi ICM. This 
appears to indicate a "selection" or "preference" towards the 
injected Fi ICM which has not been previously reported. On the other 
hand, no offspring resulted from the transfer of 32 embryos which 
had been subjected to a thermal insult of 43° C for 45 min prior to 
ICM injection (Table 5)
Evidently, these heat-treated ICM recipient embryos were 
incapable of successfully w ithstanding the combined rigors of both 
thermal stress and microinjection. Apparently, embryonic death in 
these embryos occurred after their transfer to the recipients and 
not before since only re-expanded recipient embryos were 
transferred (Table 5). Only viable embryos could have undergone re­
expansion after ICM injection procedures were completed. Thus, it 
would appear that the lethal effects of both thermal stress and ICM 
injection are not immediate and require several hours before they 
are manifested.
Poor embryo transfer techniques can be ruled out as a possible 
cause for the lack of murine offspring from heat-treated 
blastocysts. As can be seen (Table 5), 14 out of a total of 41 
nonmanipulated ICR embryos developed to term after transfer to 
recipient females. Also, seven of 32 ICR sham-in jected embryos 
were also carried to term after transfer to synchronized recipient 
female mice. Thus poor techniques in these two areas cannot be 
implicated as possible causes of the failure of thermally stressed 
recipient embryos to produce pups.
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It appears that of the two treatments studied, X-irradiation 
offers the best chance for the selective elim ination of only the ICM 
cells. Apparently, this treatment does not cause substantial damage 
to the TE cells. If that had been the case, e ither implantation and / 
or hatching would have failed to take place following embryo 
transfer. Also, two of the eight mice that developed from X- 
irradiated recipient b lastocyst in itia lly appeared to be nonchimeric 
(F t) .  Also, five of the six chimeric offspring were judged to be 
predom inantly agouti (F-i).
This apparent dominance of the injected ICM may have been due 
to the X-irradiation treatm ent of 900 rads had elim inated almost all 
of the ICM cells of the recipient embryo. Perhaps, higher levels of 
radiation would eventually result in the production of nonchimeric 
offspring from ICM recipient blastocyst.
On the other hand, the apparent dominance of the injected Fi 
ICMs may have been at least partialy due to the effects of hybrid 
vigor. Gardner (1971) reported that when PDE (albino) strain mouse 
blastocysts served as ICM recipients for injected CBA/HTe X PDE Fi 
(agouti) ICMs that a selective advantage for the Fi genetic material 
was clearly evident. Likewise, there also appearred to be a definite 
selective advantage for the Fi genotype when reciprocal transfers 
were performed between PDE strain ICMs and CBA/HT6 X PDE F^  
recipient embryos. The PDE strain is a much more inbred strain than 
the ICR strain used in the present study. This probably accounts for 
the lack of PDE "hardiness" observed by Gardner.
SUMMARY AND CONCLUSIONS
The results of experiments 1 and 2 indicated that the TE cells 
of the murine blastocyst were more resistant to the effects of both 
X-irradiation and thermal stress than were the cells which comprise 
the ICM. This was not a complete surprise in light of previous 
investigations which also revealed that the TE cells were more 
resistant to a variety of agents such as cyclohexim ide, actinomycin 
D, cordycepin (Rowinski et al., 1975) and ionizing radiation 
(Goldstein et al., 1975) than were the ICM cells.
None of the six different levels of X-irradiation that were 
studied were observed to have any adverse effect whatsoever on 
mean hatching rates. In contrast, two of the four levels of thermal 
stress that were scrutinized during experiment (T60 and T75) were 
found to be so harsh that they apparrently killed all or almost all of 
the cells of the treated embryos, as evidenced by the complete 
absence of hatching on the part of the treated embryos. However, 
the mean percentage of hatching rates that were observed for both 
the T30 and T45 embryos were not significantly different than the 
hatching rate that was observed for the TO embryos. Data such as 
this would appear to indicate that the murine TE cells are capable of 
successfully  coping with thermal stress provided of course that the 
level of the stress applied does not exceed a certain tolerance level. 
The point at which the TE cells become intolerant of X-irradiation 
was not encountered during this study.
Additional data il lustrates that the TE cells were relatively 
resistant to both radiation and thermal insults. In both experiments
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1 and 2 the percentage of embryos which survived exposure to a 
specific treatment and then went on to successfully form viable 
trophob lastic  outgrowths did not differ s ign ificantly  from the 
percent outgrowth rates that were observed for controls.
Similarly, in both studies, it was observed that the two- 
d imensional outgrowth surface areas of embryos which had 
previously survived a randomly selected treatm ent did not differ 
s ignificantly from the mean outgrowth area values that were 
exhibted by controls. Again, such data tends to illustrate the 
resiliency of the TE cells.
Contrastingly, the ICM cells were found to be less capable of 
dealing with either of the two studied stresses than were the TE 
cells. These results were apparently in agreement with previously 
reported work were either anti-metabolic agents (Rowinski et al., 
1975) or ionizing radiation treatments (Goldstein et al., 1975) were 
s tud ied .
That the ICM cells were vulnerable to both X-irradiation and 
thermal stress is best indicated by examination of the mean ICM 
surface area values that were obtained in each study. In both 
situations, the mean ICM surface area values that were observed in 
those groups of embryos which had successfully endured a given 
treatment were significantly smaller than the mean ICM surface 
area value of the appropriate control embryos. This indicated there 
were fewer viable cells in the ICM regions of outgrowths which 
developed from treated embryos as opposed to the controls.
Lastly, both radiation and thermal stress treatm ents resulted 
in the production of mean ratio values which were definite ly smaller
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in outgrowths that developed from treated embryos as compared to 
controls. In each situation such data was reflective of a greater 
rate of failed development for the ICM cells as opposed to the TE 
cells. Such data indicates that the two d ifferent treatments studied 
in experiments 1 and 2 had differential effects on the two cell 
types.
In regards to the selective elimination of the ICM cells of a 
recip ient b lastocyst prior to injection of a genetica lly  d is tinct 
mouse, a great deal of research remains to be done. It would be of 
considerable interest to the author to conduct studies in which a 
wider range of treatment levels were examined for both X- 
irradiation and thermal stress. Based on the observed results, it be 
may be possible to produce chimeric embryos which result in the 
birth of the nonchimeric offspring by first subjecting ICM recipient 
embryos to levels of X-irradiation that are in excess of 900 rads. 
Perhaps some level of X-irradiation above 900 rads would 
consistently result in the total elim ination of the ICM cells of the 
recipient blastocyst w ithout damaging TE cells to the extent that 
both the hatching and implantational capabilit ies of these cells 
would not be adversely affected.
Similarly, it would also be of considerable interest to the 
author to conduct investigations where where the ICM recipient 
embryos were exposed to a thermal insult of less than 43° C. For 
example, it may be possible to selectively elim inate the ICM cells of 
the murine embryos by subjecting them to temperature levels which 
range from 40° C to 42° C for various lengths of time. Perhaps the 
appropriate combinations of both lower temperature levels and
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longer exposure times could be found which would result in the 
ability to selectively destroy the ICM cells of the murine blastocyst 
w ithout also inflicting a substantial amount of damage to the TE 
cells as well.
Additionally, it would be of considerable interest to the author 
to determ ine whether or not antimetabolites such as cordycepin, 
actinomycin D or cyclohexim ide could be effectively used in concert 
with the ICM microsurgical injection techniques. Perhaps at least 
one of these compounds will be revealed as the agent which can be 
easily utilized prior to blastocyst injection procedures to produce 
nonchimeric offspring from embryos that are composed of two 
genetica lly  d is tinct cell types.
Lastly, the author suspects that the best way to consistently 
produce chimeric embryos may be to m icrosurg ically inject idividual 
ICMs into blastocysts which are the product of a mating between 
mice that were both heterozygous for the lethal yellow gene AY. It 
is a known fact that (AY|A Y) embryos die shortly after implantation 
occurs {Pedersen, 1974; Papaiannou and Gardner, 1979). It is 
thought that perhaps the ICM cells of the newly implanted embryo 
are the cell types in which these lethal recessives are exclusively 
expressed.
It would seem logical one could produce nonchimeric murine 
offspring by merely injecting individual ICMs into suspected (AY|A Y) 
embryos and subsequently transferring them to pseudopregnant 
recipient female mice. The double recessive ICMs would then perish. 
The injected ICM will then allow the recipient embryo to continue 
development to term.
LITERATURE CITED
Ansell, J.D. and M.H.L. Snow. 1974. The development of tropohoblast 
in v itro  from blastocysts contain ing varying amounts of inner 
cell mass, J. Embryol. Exp. Morphol. 33:177-185.
Babinet, C. 1980. A simplified method for mouse blastocyst 
injection. Exp. Cell Res. 130:15-19.
Barka, T. and P.J. Anderson. 1963. Phosphatases. In:
Histochemistry, pp. 212-256. Hoeber Medical Division. Harper 
and Row, Publishers, Inc. New York.
Barlow, P., D.A. Owen and C. Graham. 1972. DNA synthesis in the 
preimplantation mouse embryos. J. Embryol. Exp, Morphol. 
2 7 :4 3 1 -4 4 5 .
Barton, S.C., C.A. Adams, M.L. Norris and M.A.H. Surani, 1985.
Development of gynogenetic and parthenogenetic inner cell 
mass and trophectoderm tissues in reconstituted blastocysts 
in the mouse. J. Embryol. Exp. Morphol. 90:267-285.
Billington, W.D. 1971. Biology of the trophoblast. In: M. W. H. Bishop 
(Ed.) Advances in Reproductive Physiology, pp. 59-76. Logos 
Press, London.
Brinster, R.L. 1971. Uptake and incorporation of amino acids by the 
preimplantation mouse embryo. J. Reprod. Fertil. 27:329-333.
Brinster, R.L. 1974. The effects of cells transferred into the mouse 
blastocyst on subsequent development. J. Exp. Med. 140:1049.
Chapman, H.M. 1980. Prenatal loss. In: D.A. Morrow (Ed.) Current 
Therapy In Theriogenology (2nd Ed.), pp. 896-899. W.B. 
Saunders Co., Philadelphia.
Cholewa, J.A. and W.K. Whitten. 1970. Development of two-cell 
mouse embryos in the absence of a fixed nitrogen source, J. 
Reprod. Fertil. 22:553-555.
Cole, R.J. and J. Paul. 1965. Properties of cultured and
preimplantation mouse and rabbit embryos, and and cell 
strains derived from them. In: G.E.W. Wolenstenholme and M.
100
101
O’Connor (Eds.) Preimplantation Stages of Pregnancy, pp. 82- 
112. Churchill, London.
Copp, A.J. 1978a. Interaction between inner cell mass and
trophectoderm of the mouse blastocyst, I. A study of cellular 
proliferation. J. Embryol. Exp. Morphol. 48:109-125.
Copp, A.J. 1978b. Interaction between inner cell mass and
trophectoderm of the mouse blastocysts. II. The fate of the 
polar trophectoderm. J. Embryol. Exp. Morphol. 51:109-120.
Dickson, A.D. 1966. The form of the mouse blastocyst. J. Anat. 
10 0 :3 35 -3 41  .
Eagle, H. 1959. Amino acid metabolism in mammalian cell cultures. 
Science. 130:432-437.
Enders, A.C. and S.J. Schlafke. 1965. The fine structure of the 
blastocyst: Some comparative studies. In: G.E.W.
Wolstenholme, and M. O'Connor (Eds.) Preimplantation Stages of 
Pregnancy, pp. 29-59. Little, Brown and Company, Boston.
Fisher, D.L. and M. Smithberg. 1973. In vitro and in vivo X-
irradiation of pre-implantation mouse embryos. Teratology. 
7 :5 7 -6 4 .
Gardner, R.L. 1968. Mouse chimeras obtained by the injection of 
cells into the blastocyst. Nature (London). 220:596-597.
Gardner, R.L. 1971. Manipulations on the blastocyst. In: G. Raspe 
(Ed.) Advances in the Biosciences, No.6. Schering Symposium 
on Intrinsic and Extrinsic Factors in Early Mammalian 
Development, pp. 279-296. Pergamon, Oxford.
Gardner, R.L. and M.H. Johnson. 1972. An investigation of inner cell 
mass and trophoblast tissues following their isolation from 
mouse blastocyst. J. Embryol. Exp. Morphol. 28:279-312.
Gardner, R.L., V.E. Papaioannou and S.C. Barton. 1973. Origin of the 
ectoplacental cone and secondary giant cells in mouse 
b lastocysts reconstitu ted from isolated trophoblast and inner 
cell mass. J. Embryol. Exp. Morph. 30:561-572.
102
Gardner, R.L. 1974a. Origins and properties of trophoblasts. In: R.G. 
Edwards, C.W.S. Howe and M.H. Johnson (Eds.) Immunobiology 
of Trophoblasts. pp. 43-65. Cambridge University Press, 
London.
Gardner, R.L.. 1974b. Microsurgical approaches to the study of early 
mammalian development. In: K.S. Moghissi, (Ed.) The Seventh 
Harold C. Mack symposium: Birth Defects and Fetal 
Development, Endocrine and Metabolic Disorders, pp. 212- 
233. Thomas, Springfield.
Gardner, R.L. 1975a. Origins and properties of trophoblast. In: R.G. 
Edwards, C.W.S. Howe and M.H. Johnson (Eds.) Immunobiology 
of Trophoblast. pp. 43-65. Cambridge University Press, 
Cambridge.
Gardner, R.L. 1975b. Analysis of determination in the early
mammalian embryo using intra- and interspecific chimeras.
In: C.L. Marked and J. Papaconstantinou (Eds.) The 
Developmental Biology of Reproduction, pp. 207-235.
Academic Press, New York.
Gardner, R.L. 1978. Techniques for separating early embryonic 
tissues. In: J.C. Daniels, Jr. (Ed.) Methods in Mammalian 
Reproduction, pp. 167-178. Academic Press, New York.
Goldberg, I.H., M. Rabinowitz and E. Reich. 1962. Basis of
actinomycin action. I. DNA binding and inhibition of RNA 
polymerase synthetic reaction by actinomycin. Proc. Natl. 
Acad. Sci. U.S.A. 48:2094-2101.
Goldstein, L.S., A.I. Spindle and R.A. Petersen. 1975. X-ray
sensitivity of the preimplantation mouse embryo in vitro. 
Radiat. Res. 62:276-287.
Gwatkin, R.B.L. 1966. Amino acid requirements for attachment and 
outgrowth of the mouse blastocyst in vitro. J. Cell Physiol. 
6 8 :3 3 5 -3 4 4 .
Handyside, A.H. and S. Hunter. 1984. A rapid procedure for
visualising the inner cell mass and trophectoderm nuclei of 
mouse b lastocysts in situ using po lynucleo tide-specific  
fluorochromes. J. Exp. Zool. 231:429-434.
103
Hillman, N., M.l. Sherman and C.F. Graham. 1972. The effect of 
spatial arrangement on cell determination during mouse 
development. J. Embryol. Exp. Morphol. 28:263-278.
Hogan, B., F. Constantini and E. Lacy. 1986a. Summary of mouse 
development. In: Manipulating the Mouse Embryo, pp. 17-78. 
Cold Springs Harbor, Cold Springs.
Hogan, B., F. Constantini and E. Lacy. 1986b. Recovery, culture and 
transfer of embros. In: Manipulating the Mouse Embryo, pp. 
90-149. Cold Springs Harbor Laboratory, Cold Springs.
Hosmer, D.W. and S. Lemeshow. 1989. Introduction to the logistc 
regression model. In: Applied Logistic Regression, pp. 1-24. 
John Wiley and Sons, New York.
Hsu, Y. 1971. Post-b lastocyst differentiation in v i t ro . Nature 
(London). 239:100-102.
Hsu, Y. 1972. Differentiation in vitro of mouse embryos beyond the 
implantation stage. Nature (London). 239:200-202.
Johnson, R.R. 1980. Additional applications of chi-square. In:
Elementary Statistics (3rd Ed.), pp. 379-423. PWS Publishers, 
Boston.
Johnson, M.H. and B.J. Everitt. 1984. Coitus and fertilization. In: 
Essential Reproduction, pp. 192-214. Blackwell Scientific 
Publications, Oxford.
Johnson, E.J. 1987. Embryo-derived stem cells. In: E.J. Robertson
(Ed.) Teratocarcinomas and Embryonic Stem Cells, pp. 71-112. 
IRL Press, Oxford.
Juurlink, B.H.J. and S. Fedoroff. 1977. Effects of culture milieus on 
the development of mouse blastocyst in v i t r o . In V i t ro .
1 3 :7 9 0 -7 9 8 .
Kasai, K.Y., Y. Minato and Y. Toyoda. 1978. Fertilization and
developm ent in v itro  of mouse eggs from inbred strains and 
F ! hybrids. Japanese J. An. Sci. 24:19-22.
104
Kelly, P.M. and M.J. Schlesinger. 1982. Antibodies to two major
chicken heat shock proteins cross-react with s im ilar proteins 
in widely divergent species. Mol. Cell Biol. 2:267-274.
Kirby, D.R.S., Potts, D.M. and I.B. Wilson. 1967. On the orientation of 
the implanting blastocyst. J. Embryol. Exp. Morphol. 17:527- 
532.
Kirby, D.R.S. 1971. Blastocyst-uterine relationship before and
during implantation. In: R.J. Blandau (Ed.) The Biology of the
Blastocyst, pp. 393-411. The University of Chicago Press, 
Chicago.
Kovacic, N. and A.F. Parlow. 1972. Alterations in serum FSH/LH 
ratios in relation to the estrous cycle, pseudopregnancy and 
gonadectomy in the mouse. Endocrinology. 91:910-915.
Loskutoff, N.M. and D.C. Kraemer, 1991. Intraspecific blastocyst 
reconstitution in mice using giant trophectoderm al vesicles 
produced by multiple embryo aggregation. Biol. Reprod. (In 
press).
Mintz, B. 1965. Experimental genetic mosaicism in the mouse.
In: G.E.W Wolstenholme and M. O'Connor (Eds.) Preimplantation 
of Pregnancy, pp. 194-207. J. and A. Churchill, London,
Monty, D.E. and C. Rocowsky. 1987. In vitro evaluation of early
embryo viability and development in summer heat-stressed, 
superovulated dairy cows. Theriogenology. 28:451-465.
Murphy, D. and J. Hanson. 1987. The production of transgenic mice 
by the microinjection of cloned DNA into fertilized one-cell 
eggs. In: D.M. Glover (Ed.) DNA Cloning II: A Practical Approach, 
pp. 213-248. IRL Press, Oxford.
Mustafa, L.A. and R.L. Brinster. 1972. The fate of transplanted cells 
in mouse blastocysts. J. Exp. Med. 181:181-191.
Ohzu, E. 1965. Effects of low-dose X-irradiation on early mouse 
embryos. Radiat. Res. 26:107-113.
Owers, N O. 1971. Ingestive properties of guinea pig trophoblast in 
tissue culture: a possible lysosomal action. In: R.J. Blandau
105
(Ed.) The Biology of the Blastocyst, pp. 225-237. The 
University of Chicago Press, Chicago.
Papaioannou, V.E. and R.L. Gardner. 1979. Investigation of the lethal 
yellow Ay |Ay embryo using mouse chimeras. J. Embryol. Exp. 
Morphol. 52:153-163.
Papaioannou, V.E. 1981. Experimental chimaeras and the study of 
differentiation. In: E.S. Russell (Ed.) Mammalian Genetics and 
Cancer. The Jackson Laboratory Fiftieth Anniversary 
Symposium. Progress in Clinical and Biological Research.
Vol. 45. pp. 77-91. A.R. Liss, New York.
Papaioannou, V.E. 1982. Lineage analysis of inner cell mass and 
trophectoderm  using m icrosurg ically reconstitu ted mouse 
blastocysts. J. Embryol. Exp. Morphol. 68:199-209.
Pedersen, R.A. 1974. Development of lethal yellow (AY|A Y) mouse 
embryos in vitro. J. Exp. Zool. 27:431-445.
Pelham, H.R.B, 1989. Heat shock and the sorting of luminal ER 
proteins. EMBO J. 8:3171-3176.
Pienkowski, M., D. Solter and H. Koprowski. 1974. Early mouse
embryos: growth and differentiation in v i t ro . Exp. Cell Res. 
8 5 :4 2 4 -4 2 8 .
Pratt, H.P.M. 1987. Isolation, culture and manipulation of pre­
implantation mouse embryos. In: M. Monk (Ed.) Mammalian 
Development, pp. 13-42. IRL Press, Oxford.
Rizzino, A. and M.l. Sherman. 1979. Development and
differentiation of mouse blastocysts in serum -free medium. 
Exp. Cell Res. 121:221-233.
Robertson, E.J. 1987. Embryo-derived stem cell lines. In: E.J.
Robertson (Ed.) Teratocarcinomas and Embryonic Stem Cells, 
pp. 71-112. IRL Press, Oxford.
Rossant, J. 1975a. Investigation of the determ inative state of the 
mouse inner cell mass. I. Aggregation of isolated inner cell 
masses with morulae. J. Embryol. Exp. Morphol. 33:979-990.
106
Rossant, J. 1975b. Investigation of the determinative state of the 
mouse inner cell mass. II. The fate of isolated inner cell 
masses transferred to the oviduct. J. Embryol. Exp. Morphol, 
3 3 :9 9 1 -1 0 0 1 .
Rossant, J., B. Croy, D. Clark and V, Chapman. 1983. Interspecific 
hybrids and chimeras in mice. J. Exp. Zool.
Rugh, R. and E. Grupp. 1959. Response of the very early mouse 
embryo to low levels of ionizing radiations, J. Exp. Zool.
1 4 1 :5 7 1 -5 8 7 .
Rugh, R. 1968. Normal development of the mouse. In: The Mouse:
Its Reproduction and Development, pp. 44-101. Burgess 
Publishing Company, Minneapolis.
Russell, L.B. and W,L. Russell. 1954. An analysis of the changing 
radiation response of the developing mouse embryo. J. Cell 
Comp. Physiol. 1 (Suppl.):103-149.
Russell, L.B. and C.S. Montgomery. 1966. Radiation-sensitivity
d ifferences w ith in cell-d iv is ion cycles during mouse cleavage. 
Int. J. Radiat. Biol. 10:151-164.
Sherman, M.I., A. McLaren and P.M.B. Walker. 1972. Mechanism of 
accumulation of DNA in giant cells of mouse trophoblast.
Nature, New Biol. 238:175-176.
Siev, M., R. Weinberg and S. Penman. 1969. The selective
interruption of nucleolar RNA synthesis in HeLa cells by 
cordycepin. J.Cell Biol. 41:510-522.
Snell, G.D. and L.C. Stevens. 1966. Early embryology. In: E.L. Green 
(Ed.) Biology of the Laboratory Mouse, pp. 205-245. McGraw- 
Hill, New York.
Snow, M.H.L. 1973a Abnormal development of pre-implantation
mouse embryos grown in vitro with [3H]-thymidine. J,
Embryol. Exp. Morphol. 29:601-615.
Snow, M.H.L. 1973b. The differential effect of [3H]thymidine upon 
two populations of cells in pre-implantation mouse embryos.
In: M. Balls and F.S. Billett (Eds.) The Cell Cycle in Development
107
and Differentiation, pp. 311-324. Cambridge University Press, 
Cambridge.
Snow, M.H.L. and J.D. Anselt. 1974. The chromosomes of the giant 
cells in mouse trophoblast. Proc. R. Soc. Lond. B. 187:93-98.
Snow, M.H.L. 1976, Embryonic growth during the immediate
postimplantation period. In: E. Wostaff (Ed) Embryogenesis in 
mammals (Ciba Fdn. Symp.). pp. 53-66. Associated Scientific 
Publishers, Amsterdam.
Snow, M.H.L. 1978. Techniques for separating early embryonic 
tissues. In: J.C. Daniel (Ed.) Methods in Mammalian 
Reproduction, pp. 167-178. W.H. Freeman and Co., San 
Francisco.
Solter, D. and B.B. Knowles, 1975. Immunosurgery of mouse 
blastocyst. Proc. Natl. Acad. Set., USA. 72:5099-5102,
Spindle, A. 1980. An improved culture medium for mouse 
blastocysts, i n  V i t ro . 16:667-674.
Spindle, A.I. and R.A. Pedersen, 1973. Hatching, attachment and 
outgrowth of mouse blastocysts in v i t r o : fixed nitrogen 
requirements. J. Exp. Zool. 86:305-318.
Steel, R.G.D. and J.H. Torrie. 1980. Analysis of variance I: The one­
way classification. In: Principles and Procedures of 
Statistics (2nd. Ed ), pp. 137-171. McGraw-Hill Book 
Company, Inc., New York.
Surani, M. and S. Barton. 1977. Trophectoderm vesicles of
preimplantation blastocysts can enter into quiescence in the 
absence of inner cell mass. J, Embryol. Exp. Morphol. 39:273- 
277.
Tarkowski, A.K. and J. Wroblewska. 1967. Development of
blastomeres of mouse eggs isolated at the 4- and 8-cetl stage. 
J. Embryol. Exp. Morphol. 18:155-180.
Thatcher, W.W. and H. Roman-Ponce. 1980. Effects of climate on 
bovine-reproduction. In: D. A. Morrow (Ed.) Current Therapy
108
In Theriogenology. pp. 441-448. W.B. Saunders Co., 
Ph ilade lph ia .
Thompson, L.H., K.W. Brookman, N, J. Jones, S. A. Allen and A. V.
Carrano. 1990a. Molecular cloning of the human XRCC1 gene, 
which corrects defective DNA strands break repair and sister 
chromatid exchange. Mol. Cell Biol. 10:6160-6171.
Thompson, L.H., C.A. Weber, N.J. Jones and M. J. Siciliano. 1990b.
Genetic analysis of mammalian DNA repair. In: C.C. Harris and 
L.A. Liotts (Eds.) Genetic Mechanisms in Carcinogenesis and 
Tumor Progression, pp. 83-95. Wiley-Liss, New York.
Thompson, L.H. 1991. Properties and applications of human DNA. 
Mutation Res. 247:213-219
Town, C.D., K.C. Smith and H.S. Kaplan. 1974. Repair of X-ray damage 
to bacteria DNA. Curr. Topics Radiat. Res. 8:351-401.
Wettstein, F.O., H. Noll and S. Penman. 1964. Effects of
cyclohexim ide or ribosomal aggregates engaged in protein 
synthesis in vitro. Biochim. Biophys, Acta. 87:525-528.
Wilson, I.B., E. Bolton and R.H. Cutter. 1972. Preimplantation
differentiation in the mouse egg as revealed by microinjection 
of vital markers. J. Embryol. Exp. Morphol. 27:467-479.
Wright, R. 1868. Culture and short-term storage of embryos. In:
D.A. Morrow (Ed.) Current Therapy in Theriogenology II. pp. 
79-80. W.B. Saunders Co., Philadelphia.
Ziomek, C.A., M.H. Johnson and A.H. Handyside. 1982. The
developmental potential of mouse 16-cell blastomeres. J. Exp, 
Zool. 2 2 1 :345-355.
VITA
Joe Steven Capehart was born on August 22, 1953, to Mr. and 
Mrs. William Carey Capehart. His place of birth was Fort Worth, 
Texas.
Mr. Capehart graduated from Castleberry High School in Fort 
Worth, Texas in June of 1971. Afterwards he worked as an 
apprentice printer at the Fort Worth Press, a now-defunct daily 
newspaper of the Scripps-Howard newspaper chain. Simultaneously, 
Joe also attended Tarrant County Junior College on a part-time 
basis.
In 1976, Joe enrolled at Texas A&M University at College 
Station, Texas. After much anguish and personal sacrifice he was 
awarded a B.S. from the Department of Entomology in May of 1979. 
Afterwards, he enrolled as a graduate student in the Department of 
Animal Science at Texas A&M. He studied under the unparalleled 
guidance and expert tuteledge of a truly unique man, Professor Duane 
Kraemer, currently Associate Dean of Research and Graduate Studies 
at the College of Veterinary Medicine at Texas A&M University. He 
was awarded an M.S. degree from the Department of Animal Science 
in 1984.
In January of 1987, Joe enrolled as a Ph.D student in the 
Department of Animal Science at Louisiana State University. He 
studied there under the guidance of Dr. K.L. White. Mr. Capehart has 
accepted a position as a reproductive physio logist / molecular 
biologist at the Lawrence Liveremore National Laboratory, located in 
L iverm ore, Ca lifo rn ia .
109
DOCTORAL EXAMINATION AND DISSERTATION REPORT
candidate: Joe Capehart
Major Fields Animal Science
Title of Dissertation: The D i f f e r e n t i a l  E f fe c ts  Of E i th er  X - i r r a d ia t io n
Or Thermal Stress On The Two Major Cel l  Types Of 
The Blastocyst Stage Murine Embryo.
Approved:
Dean of the Graduate school 
EXAMINING COMMITTEE:
'. •'. ‘/ / A  ,.//—
Date of Examination:
July 10, 1991
